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PREFACE 


This book is designed for use in conjunction with the 
author’s “ Textbook of Botany,” as a practical supplement 
and general guide to the exercises in observation, experiment 
and investigation which usually accompany the study of 
general principles of whicli these exercises provide particular 
examples. 

No attempt has been made to attain an exhaustive or 
inclusive course ; but even now it is not expected that all 
the exercises will be carried out. Students and teachers 
vary in their requirements and interests, so that one or 
another aspect of the subject jmay be stressed and done in 
more detail. More advanced work in structure requires 
specialist books. More advanced studies in plant physiology 
should be definitely quantitative, and it is to be regretted 
that a book dealing systematically with such quantitative 
studies is not yet available. The extension of practical 
physiology into precise quantitative work is clearly outside 
the scope of a small volume dealing, as this one does, with 
general practical exercises. 

The ai ^ement, following the Textbook chapter by 
chapter, is a consequence of the supplemental nature of the 
present book, and no departure from the usual sequence of 
practical work is intended. The writer has, however, 
proved that, by giving students card schedules with a 
numbered list of physiology experiments to be done (and 
initialled by the staff) at any available time, the average 
student can do far more practical plant physiology than is 
done in the usual crowded summer term. Plant physiology 
can then become an all-the-y ear-round subject. So many 
of the experiments have to be set aside for a varied period 
that a few minutes between lectures may be sufficient to 
get a long experiment into working order. Two such 
schedules are given in Appendix I., reproduced on a small 
scale. 

The available literature has been used freely, especially 
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throughout the chapters on plant physiology, but the 
modifications introduced prevent particular acknowledg- 
ment of any definite experiment, except where that is done 
in the text. 

Acknowledgments are gratefully tendered to Professor 
J. W. Heslop Harrison, F.R.S., for checking the problems 
set in Chapter XXVII. ; to Dr. K. G. Emel^us and Mr. 
R. H. Sloane for the data concerning the energy trans- 
missions of the colour screens. Chapter X. ; to Messrs. 
Pastorclli & Rapkin for the block of Fig. 9 ; to Messrs. 
Robinson, Nelson & Co., 325 City Road, Manchester, and 
to Messrs. W. & J. George, of Birmingham, for the new 
pieces of apparatus and for the blocks of a number of 
figures ; also to Miss M. J. Lynn and other colleagues and 
students for valuable assistance in checking the experiments 
and the proofs. 

J. S. 

Bki.fast, 


June, 1931 . 
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PRACTICAL BOTANY 

PART I 

CHAPTER I 
INTRODUCTION 

Thk practical study of ])Iants may be divided into three 
main types of exercise : 1. Observations, which include the 
examination of tjie form and structure of plants or plant 
materials, togetber with records of these in the form 
of sketches, diagrams or careful detailed drawings. 
2. Experiments, which include the modification and control 
of the conditions under wdiich the plant carries on living 
processes, together with records of the conditions and results 
of such experiments. 3. Investigations, which usually 
include both observations and experiments, but which may 
also include the recording of facts concerning the conditions 
under which plants grow without any experimental modifica- 
tion or control of these conditions by the investigator, e.g. 
ecological survey. 

In the following chapters the various exercises are 
numbered consecutively, but it will be found that the 
relative balance of observation, experiment and investigation 
is such that the work of the first session (in large print) is 
mainly observation, while the advanced work for second and 
third sessions (in smaller print) becomes more experimental, 
leading on to the investigations which should form an 
increasing proportion of the work of students as they progress 
towards a special Honours course and pass beyond the 
scope of this volume. 

The value of practical botany for students who arc not 
specialising in the subject lies primarily in the training which 
it involves in the accurate observation and correct recording 
of facts. These facts may appear to be of little consequence ; 
but it is perhaps better that the training should be carried 
out on materials where mistakes are not matters of life and 
death for the doctor’s patient, or matters of survival or 

P.B. 1 1 
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ruin for the practical farmer. Such facts may be structural 
and recorded as drawings or manipulative and recorded as 
notes; in both cases the value of the observations is easily 
judged by the accuracy of the records. 

Points to be Observed in Making Botanical Drawings 

In most cases simple outline drawings are suhicient. The 
use of shading may give a jdeasing artistic effect, but the 
outlines should give the details correctly, and no more is 
required. The use of shading tends towards the j)roduction 
of “ impressions ” rather than actual records of the facts as 
seen by careful observation. 

It is especially important to show clearly not only the 
shape of an object, but also the correct proj)ortions of its 
different parts. DRAWINGS SHOULD BE MADE ON A 
LARGE SCALE. This is necessary in order to show every 
part clearly, and the scale of enlargement or reduet ion should 
be noted, either by marking x 2, or x as the case may be, 
or by marking a short line near the drawing and stating 
the length whieh such a line represents, e.g. a line 1 cm. 
long might represent 1 km. on a map whieh is reduced, or 
1 metre in a drawing of a tree, or 5 cm. in the drawing of a 
plant about 2 metres high, or 1 mm. in the drawing of a small 
fruit or seed, or mm. in a drawing of an object under tlu* 
low power of the microsco]ie, or O'Ol mm. if the high power 
of the microscope has been used (see Figs. 1, 2, 3, 4 and 
legends). 

The Record-book should be kc})t clean and tidy. Prime 
factors in securing this are : (a) the projier spacing of the 
drawings, and (b) the use of only one side of the leaf for 
drawings, the other being reserved for descriptive notes. 
Do not crowd your drawings. All drawings should be fully 
named and labelled in the laV)oratory. The lirst-year student 
especially should annotate his drawings fully while the 
object is before him, and so secure an accuracy wliich is 
frequently lacking in drawings labelled later, using an 
imperfect knowledge and a very imperfect memory as 
guides to the details. 

References 

Since this book is designed for use in conjunction with tlie 
“ Textbook of Botany ” many references are given to 
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illustrations whicli are not rcjK'ated here. Sueh references 
are prefixed by “ T ” before the number of the fij^ure, e.^, 
“ Fi^. T 764 ” will be found in the Textbook, while “ Fig. 
12 ” will be found in the present book. Page references are 
treated similarly. 

A few simple eontraetions arc used throughout, e.g, 

T.S. “ transverse section. 

L.S. ~ longitudinal section. 

V.S. rrr: vertical section. 

L.P. low power of the mieroseope. 

II. P. high power of the mieroseope. 

P-I.I\L. -- - Poeket-lens Plant I.ore.’^ Small. 

Phurehill, London. 





CHAPTER II 


GENERAL INVESTIGATIONS 

The structure of plants varies from species to species, and there 
is a considerable probability that the physiology is as specific 
and varies from species to species in much the same way. In 
both structure and physiology there are general similarities and 
there are also differences in detail. 

The student who has passed beyond his first year should, there- 
fore, be encouraged to make a general investigation of one par- 
ticular species. A thorough structural examination of the selected 
species will be valuable instruction both in the technique of 
microscope preparations and in the detailed variation of plant 
structure, for few species can be selected which are figured and 
described in detail in any book. The student is thus compelled 
at an early stage to make original observations and to make the 
acquaintance of facts which differ from textbook statements. 

ihrther, very many of the usual experiments in plant physiology 
are carried out with prescribed plants. Second- and third-year 
students who are investigating a particular species should carry 
out these experiments using their selected species, whenever such 
material is available and suitable for the particular experiments. 
If the species chosen are common wild or garden plants with a 
foliage period covering a large part, if not the whole, of the year, 
it will be found that most experiments can be conducted using 
such material. 

Species which have been treated in this way by the writer’s 
students include — 

Alopecurus pratensiSf Lolium perenne, Liniim usitatissimuniy 
Limnanthes Douglcmiy Lamium purpureum, Solatium tuberosum ^ 
Beilis perennisy Tussilago farfara, Senecio vulgaris and Sen^cio 
jacobcea ; but the list could be very largely extended according 
to local conditions and requirements. 

Professor E. J. Salisbury has given a very comprehensive 
schedule ^ for the investigation of the biology of a flowering plant, 
which might well be foUowed in detail by third-year students. 
The scheme given 6elow is partly based upon that schedule in so 
far as it is applicable to the species considered ; the structural 

' Journal of Botany, Vol. LXVI, p, 48, 1028. See also SmalPs 
“ Textbook of Botany,” Chapter II, for “ The Dandelion.” 
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SPECIFIC INVESTIGATIONS 5 

investigation and the use of the species for plant physiology 
experiments have been found to be a very useful training and a 
stimulus for students of general botany and of agriculture. The 
principle of specific investigations might profitably be extended 
to non-flowering plants where material is available in sufficient 
abundance. 

SPECIFIC INVESTIGATIONS 

Each student is required to make an investigation of one species, 
according to the list posted on the notice-board at the beginning 
of each session. The reports on these investigations must be 
submitted to the Professor on or before June 10th. 

These investigations should include as far as possible the 
following points : — 

A. An illustrated anatomical account of the stem, leaf and 
root of the plant, as ascertained using both transverse and 
longitudinal sections ; particular attention should be given to 
the course of leaf-traces, the number of vein-islets per square 
centimetre, the number and distribution of stomata, the form of 
any accessory cells of the stomata when present, the transition 
from stem to root and any features mentioned under C. 

B. An illustrated account of the structure of the flower, 
including a floral formula, floral diagram, median longitudinal 
elevation and large-scale annotated drawings of any parts which 
have a special biological significance (see C). 

C. A detailed account of the biology of the selected species, 
including : Characters of the natural soil, such as water content, 
organic content, reaction, etc. (T. pp. 397 sqq,) : light or shade 
type : biological type ; duration of plant, mode of perennation 
and vegetative multiplication, duration of leaves : phenology of 
first leaf, first flower, seed ripening, leaf-fall ; root system ; type, 
volume, depth, special features ; shoot system ; height ; leaves ; 
position, glands, transpiration arrangements, special anatomy : 
reproduction ; pollination, self-sterility, etc., mechanism, agents, 
special features ; seed output, size and weight of seed, dispersal, 
natural period of germination and percentage germination : 
survival values, including hardiness, protection, recovery, and 
diseases or parasites peculiar to the species. 

D. A summary account, extracted from the student's own 
notebook, of all the results of physiological experiments carried 
out upon this particular species. 

If such an investigation be combined with the study of all 
available literature concerning his selected species, the student 
will have the intellectual satisfaction of knowing a great deal 
about at least one plant, as well as the practical satisfaction of 
knowing how to proceed with a general survey of what a plant 
is and what it does. 



CHAPTER III 


SEEDS 

N.B. Read Chapter I carefully before commencing work. 

1. Examine seeds of the Broad Bean {Vida faha) of wliich 
the bean pod is the fruit (cp. Fig. T 764). Make drawings to 
show (a) hilum (scar of seed-stalk), (b) micropyle,^ (c) radicle 
lying below the seed-coat. Remove the seed-coat (testa). 
Examine the embryo plant ; it consists of (a) plumule or 
young stem, (b) cotyledons or seed-leaves, (e) radicle or young 
root, the tip of which lies in a pocket of the testa near the 
micropyle. Open the cotyledons apart gently, make a 
drawing of the embryo-plant at least THREE times natural 
size, and label all the parts (Fig. T 2). 

2. Examine and draw a grain of Indian Corn or Maize 
(Zea mais). This is a onc-seeded fruit with the seed-coat 
and ovary wall fused. Note the lateral whitish portion 
showing the position of the embryo, with a slight central 
ridge. Cut the grain in half along the middle of this ridge, 
taking care to use a sharp knife and to place the knife-edge 
exactly in the middle of the central ridge. The cut surfaces 
will each show' a median longitudinal section of the grain. 
Note the parts ex{X)sed and make a drawing of the section 
at least four inches in length ; label all the parts to show 

(a) the endosperm, which is usually translucent and horny 
towards the outside, white and granular towards the embryo ; 

(b) the embryo, with a single cotyledon (scutellum) close to 
the endosperm, with plumule and radicle towards the outside. 
The plumule and the radicle are each enclosed by a sheath, 
and when the fruit is cut in this way these organs can be 
lifted with a needle point to show the enclosing sheaths, 
(Fig.T3). 

3. Examine and draw a single fruit of Sunflower 

1 These seeds have been soaked overnight in water. If one seed be 
carefully dried and then gently squeezed, water can be seen to ooze but 
of a small hole at one end of the hilum. This hole is the micropyle. 
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(Helianthus annuus). Split the liard ovary- wall o])en ; 
pressure on the edge of the Hattened fruit separates the two 
valves whieh togetlier form tlie fruit-wall. Note the single 
seed whieh is thus exposed. Remove the very thin soft 
seed-coat and examine the embryo, whieh consists of two 
cotyledons, a small downwardly directed radicle apparently 
attached at the top to the cotyledons, and a very minute 
stem apex lying between the cotyledons. The seed-leaves, 



Fk;. 1. - Dissection of Sunflower fruit : p. periearj), /. seed-coat, 
c. one of the two cotyledons, pi. stem apex, r. radicle. 


Fui. 2. Dissection of Castor bean : t. brittle testa, te. thin teginen, 
e. oily endosperm, showing cut surface shaded, c. one of the two 
membranous (‘otyledons, showing distinct venation, pi. stem 
apex, r. radicle, a. aril or carunele. 


Fni. a. - Dower part of grain of Wheat : p. pericarp, t. testa - not 
distinguishable with a pocket -lens, e. endost)erm, c. cotyledon, 
ps. plumule sheath, 1. h rst foliage leaf, p/. remainder of plumule, 
r. radicle, rs. radicle sheath. 


Fig. 4.- 0111011 seed : a. flat side of seed, h. hilum, x4 ; b. seed 
cut open to show embryo with c. single cotyledon, r. radicle, 
pi. position of stem af)ex which is inside the cotyledonary tube 
(cp. Fig. T 37 b), e. endosperm, t. seed-coat. 


here as in the broad bean, occupy the bulk of the space 
inside the seed-coat. Remove one cotyledon and make a 
drawing at least 2 inches long of the remaining parts of embryo 
(Fig. 1, cp. Fig. T 20). The Almond has a proportionately 
larger plumule. 

4. Examine and draw a single Castor Btan, the seed of 
Ricinus communis. Note the smooth, hard, mottled surface 
of the outer seed-coat and the caruncle or micropylar aril. 
The ridge which may be seen along one face of the seed 
corresponds with the raphe of the ovule (Fig. T 520). Crack 
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carefully and remove the outer seed-coat (testa), and observe 
that the contents are surrounded by a very thin inner 
seed-coat (tegmen). Scrape off the inner seed-coat and cut 
open the endosperm carefully with the point only of a 
penknife. When cut along one edge the endosperm opens 
easily, and then the thin membranous cotyledons can be 
seen closely adpressed to the inner surfaces of the cavity in 
the endosperm. This cavity is best seen by cutting a whole 
seed transversely (see Fig. T 6). Draw one-half of the 
contents of the seed-coat to show (a) the veined cotyledon 
on the surface of the oily endosperm, (b) the distinct radicle, 
(c) the very minute stem apex (Fig. 2 and Fig. T 6). 

5. Examine a black peppercorn (the fruit of Piper nigrum) 
carefully. Note the two scars at the poles of the rounded 
wrinkled grains. One sear indicates the base or point of 
attachment of the sessile fruit and the other is formed by the 
remains of the sessile stigmas. Cut the grain in half with a 
sharp knife so that the cut passes through both sears. 
Examine the longitudinal section as shown on the surface 
of one half. Make a drawing at least 1 inch in diameter 
to show (a) the black fruit wall, (b) the brown seed-eoat, 
(c) the hollow sphere of perispemi, (d) the small hood of 
endosperm, (e) the minute embryo lying within the endo- 
spermic hood (Fig. T 4, B), 

6. Examine the grain (fruit) of Wheat {Triticum sativum), 
Oat (Avena saliva) or Barley (Hordeum vulgare). Cut one 
grain in half longitudinally along the median plane and 
make a drawing at least 2 inches long to show the parts 
(cp. Fig. T 9 and Exercise 2). The other cereal grains 
(fruits) do not differ esseiitially from the Maize, but the 
embryo is placed nearer to the base in the grains of wheat, 
etc. (Fig. 3). 

7. Using a good pocket-lens, examine a number of the 
seeds of the Onion (Allium cepa) carefully. Note the usual 
presence of one larger flattish oval side and the hilum at one 
end. Choose a seed with a distinctly flat side, lay that upon 
the bench and cut the top off the seed, parallel to the flat 
side, with a sharp knife. Examine the cut surface with a 
pocket-lens. The embryo should be seen lying embedded 
in the semi-translucent endosperm, the whole surrounded 
by the black seed-coat. The cotyledon is terminal, the 
stem apex lateraland the radicle coiled round, so that it 
is directed towards the hilum, where the micropyle also is 
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situated, although it cannot be seen normally with a pocket- 
lens (Fig, 4). N.B. — There is some variation, and several 
seeds may be cut before a typical view of the embryo is 
obtained. 

These seven seeds include four dicotyledons (broad bean, 
sunflower, castor bean, pepper) and three monocotyledons 
(maize, wheat or other small cereal, onion). These examples 
illustrate the main varieties of seeds — namely, dicotyledonous, 
with two seed-leaves, with no endosperm, as bean and sun- 
flower ; with endosperm and two seed-coats, as castor bean ; 
with endosperm and perisperm, as pepper-corn : mono- 
cotyledonous, all with endosperm, with lateral embryo, as 
maize and other cereals, and with embedded embryo as 
onion. 

8. Medical and pharmaceutical students should also examine 
and draw the external features of a selection of distinctive seeds 
used in medicine, such as stavesacre, calabar bean, fenugreek, 
strophanthus, mix vomica, stramonium, henbane, grains of 
Paradise and areca seeds. 

See Materia Medica,” by H. G. Greenish. Churchill, London. 

9. Agricultural students should also examine and draw the 
external features of distinctive seeds of interest to farmers, such 
as those of crop plants and of common weeds. Distinctive 
features are shown by the following seeds or small one-seeded 
fruits of crop plants : hop, buckwheat, flax, clovers, sainfoin, 
potato, various grasses ; and by the following common weed 
seeds : docks, knotgrass, persicaria, chickweed, campions, white 
goosefoot, creeping and acrid buttercups, salad bur net, gorse, 
dove’s-foot and cut-leaved cranesbills, violets, dodders, plantains, 
yellow-rattle, self-heal, and a number of Compositae fruits such 
as chicory, milfoil, corn chamomile, ox-eye daisy, sow-thistle, 
dandelion, nipplewort, knapweed and field thistle. 

See “ Agricultural Botany,” by J. Percival, Duckworth, London ; 
and the excellent ” Photomicrographs of Grass, Clover, Forage 
Plant and Weed Seeds,” issued privately by Messrs. James 
Hunter, Ltd., Chester, England ; also “ Impurities in Agricultural 
Seed,” Parkinson and Smith, Headley Bros., Ashford. 

10. More advanced students, especially during their ” specific 
investigations,” should study the structural details of seeds, 
particularly in relation to the characteristic family features 
shown by seed-coat, perisperm, endosperm, presence or absence 
of starch, development of cork, etc. See “ Anatomic der 
Angiospermen-Samen,” by F. Netolitzky, Borntraeger, Berlin. 
Refer especially to p. 40 and the table on pp. 309-821. 



CHAPTER IV 

GERMINATION AND SEEDLINGS 

11. Examine and draw seedlings of the Broad Bean 
{Dicotyledon) in various stages of development, such as : 

(a) emergenee of the radiele through the niptured sced-eoat ; 

(b) elongation of the radicle and emergenee of the plumule, 
which is withdrawn from between the cotyledons by the 
elongation of that part of the stem (the epicotyl) which 
lies above the cotyledons and below the first foliage leaf ; 
(e) the straightening of the plumide with unfolding of the 
foliage leaves and formation of lateral rootlets on the primary 
root (Fig. T 31). The region of growth in the stem of the 
bean seedling is above the insertion of the cotyledons, and 
therefore the cotyledons remain below ground. This gives 
Hypogeal Germination. 

12. Examine and draw seedlings of the Sunflower. 
Germination is similar to that of the broad bean except 
that the region of growth in the stem is below the insertion 
of the cotyledons, i.^., in the hypocotyl, and the seed-leaves 
are therefore carried above-ground, giving Epigeal Germina- 
tion (cp. Fig. T 3(5, B and C). 

13. Examine and draw stages in the germination of Maize 
(Monocotyledon), such as : (a) first emergenee of radiele, 
through the enlarged radiele sheath which now forms a collar 
(coleorhiza) around the top of the young root ; (b) emer- 
gence of the plumule-sheath, which is split open from the 
inside by the first foliage leaf after the elongated sheath 
(now called the colcoptile) has grown to 1 or 2 inches in 
length ; this stage usually includes the elongation of 
adventitious rootlets which burst through the upper part 
of the coleorhiza ; (c) foliage leaf unfolded, surrounded at 
the base by the colcoptile, and numerous adventitious 
roots forming the permanent root-system (cp. Fig. T 32). 
The single cotyledon remains below ground, acting as a 
haustorium, giving Hypogeal Germination. 

14. Examine and draw stages in the germination of the 

10 
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Onioii) or of the Date (see Fig. T 37). In both eases there is 
a cotyledonary tube which elongates, carrying the radi(‘le 
downwards and leaving the tip of the cotyledon closely 
applied to the endosperm within the seed-coat, stage (a). 
In both cases this tip remains below ground in firm soil, or 
carries the seed above ground in loose soil, stage (b). In 
the former event the cotyledonary tube becomes strongly 
bent into a loop before the first foliage leaf (onion) or the 
plumule sheath (date) emerges from a slit in the tube, 
stage (e). The type of germination is technically hypogeal 
because the cotyledon does not come above ground under 
natural conditions, nor does it turn green and become 
an assimilating organ. Date stones or seeds germinate 
readily if kept submerged in water in an incubator at 
50° 60° C. 

15. The first-year student should examine carefully and 
take illustrated notes upon the experiments 16 to 20 set up 
as demonstration experiments for his observation. 

16. Water and Oxygen. The effects of water and air 
(oxygen) on germination arc clearly shown by “ the Tliree 
Bean Experiment” (sec Fig. T 31). The beans should be 
used in the air-dry or ordinary condition, in which it is 
})ossible to pierce the cotyledons with strong pins and impale 
three at different levels. The water should be boiled in 
the beaker which is to be used, and left to cool without any 
disturbance. Tlie results should then be as figured and 
described (Textbook, ]). 20). 

17. Grains of barley or other cereal should be treated as 
in Ex. 16. The results are similar. 

18. Temperature. Prepare a freezing mixture of common 
salt and broken ice. Prepare four small beakers by lining 
the bottom of each with wet cotton-wool ; place twenty 
grains of barley or other cereal on the wool in each beaker. 
Arrange each smaller beaker inside another larger beaker 
which is at least 2 inches more in diameter. Place the 
freezing mixture inside one of the large beakers, around the 
outside of the smaller beaker ; pour as miieh cold water into 
the second large beaker as you can without floating the 
small beaker ; pour hot water in the same way into the third 
large beaker. Set three of tlie experiments aside in a well- 
lighted place and continue to take notes on the results at 
intervals for at least two weeks, replacing the cold water in 
the third beaker with hot water on each occasion after vou 
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have taken your notes. The fourth pair of beakers is used 
in Ex. 19. 

Mustard or cress may be used instead of a cereal. 
Germination in all cases should not take place in the first 
beaker, and should be stimulated at first in the third beaker, 
but after a time there may be little or no difference between 
the second or normal seedlings and the third or heat- 
stimulated seedlings. 

19. Light. Pour cold water into the fourth large beaker 
as for Ex. 18, second set. Place this beaker, with the smaller 
one containing twenty seeds on wet cotton-wool, in a dark 
cupboard. Keep the temperature of the water-bath as 
near as possible to that of the second set. Ex. 18, and take 
notes at intervals for at least two weeks. The pale colour, 
and other abnormal features of seedlings raised in the dark 
are known collectively as etiolation and show that light is 
necessary for normal seedling development, 

20. While light is necessary for normal development it 
may inhibit or stimulate actual germination. Procure 
seeds of one or more of the following species ; place at least 
ten seeds in each of two “ germinators ” (see Ex. 22), setting 
one lot aside in a well-lighted place and the other in a dark 
well-aired cupboard. Note the temperatures around each 
germinator and take notes at intervals for at least three 
weeks. 

Species. Most meadow-grasses {Poa spp.), which require 
light for normal germination ; tobacco varieties (Solanum 
Macum) which germinate more readily in light ; columbines, 
particularly Aquilegia atrata, and purple loosestrife (Lythrum 
salicaria) which show very little germination in the dark ; 
tomato varieties {Solanum ly coper sicum), love-lies-bleeding 
{Amaranthus atropurpureus), and to some extent the large 
field speedwell {Veronica huxbaumii or tournefortii), which all 
germinate more readily in the dark and show little or no 
germination in the light. 

Note. Each seed which puts out a radicle should not be 
removed, but its germination should be recorded. Records 
of germination should be numerical in the first place, followed 
by notes upon subsequent developments under the differei^t 
conditions. See Ex. 22 for germinators. 

21. More advanced students should dissect and make drawings 
of some or all of the following interesting seeds and seedlings. 
Mustard {Sinapia)^ epigeal germination with each cotyledon two- 



SEED^TESTING 


13 


lobed. Cress {Nasturtium), epigeal germination with each 
cotyledon three-lobed. 

Ash (Fraxinus), one side of the samara wall should be dissected 
off and the elongated seed-stalk noted, together with the two 
lobes of oily endosperm enclosing an embryo with two small 
cotyledons and a minute stem apex. The seedlings are common 
under the tree. 

Sycamore (Acer), can be dissected in the same way, when the 
embryo will be found to have two quite green seed-leaves coiled 
into a spiral with the radicle towards the outside. These seeds 
germinate and develop exceptionally well for a time in the dark. 
The seedlings are also common in the neighbourhood of the 
parent tree. 

Beech (Fagus), has a one-seeded nut with no endosperm and the 
small seed should be compared with the seedlings in which the 
two cotyledons become large, rather leathery, oval green leaves. 
These developed seed-leaves carry on all the carbon assimilation 
of the seedling for several weeks. The seedlings are very common 
in open beech-woods. See also “ Pocket-lens Plant Lore.” 

Pine (Pinus), shows winged seeds which germinate readily if 
kept in slightly moist sand in the dark at a temperature of 15"^-- 
20° C. The cotyledons, which vary in number from five to 
eight, are apt to carry the seed with its endosperm above ground 
under these conditions, but the seed-leaves soon spread out and 
become dark green even in the absence of light. The seeds take 
from three to five weeks to develop into seedlings. 

22. Germination Capacity. In technical seed-testing purity, 
i.e. freedom from seeds of other plants and from inert matter, 
is important, but the botanical student is concerned mainly with 
the viability of seeds. The proportion of dead seeds increases 
rapidly in many species after the first year of storage. 

Willow seeds can be used to demonstrate this falling-off of 
viability. If seeds be collected from newly ripe catkins and 
tested at daily intervals, as described below, the germination 
capacity will be seen to fall rapidly after the first few days. P'or 
this test a separate germinator must be arranged each morning 
for ten days and supplied with fifty willow seeds. Coltsfoot 
seeds show a similar rapid decrease of viability. 

The percentage of live seeds is of considerable economic 
importance and seed-testing has a special technique which is 
largely conventional, or empirical. The student should, however, 
carry out at least one exercise to determine the germination 
capacity of a particular sample of seeds. 

(a) Prepare a “ germinator ” by selecting a Petri capsule about 
12 cm. diameter ; fold a piece of wet filter paper over a glass slip 
about 20 cm. by 6 cm. ; half fill the lower Petri half-capsule with 
water ; place the glass and paper across it so that the free ends 
of paper dip into the water ; and cover with the upper half of the 
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Petri dish (see Fig. 5). Upon the square of paper which is thus 
kept moist the seeds to be tested should be laid out carefully 
in ten rows of ten each for small seeds, with others in proportional 
numbers ; less than fifty will give a very unreliable result. Place 
the germinator near a radiator or in some other place where it 
will be more or less protected from low night temperatures. Keep 
the water fresh by renewal at interv’als. 

The number of seeds which show a radicle with healthy root- 
hairs should be counted and noted each day. This counting is 
more easily done if all the seeds which have germinated each 
day are removed from the germinator. After two weeks, or in 
the case of grasses three weeks, the total number of germinations 
should be noted. If 100 seeds are used the percentage germina- 
tion or germination capacity is obtained directly, otlierwise it is 



Fig. .5.— a Simple Germinator. 


calculated on the basis of the number of seeds used. It should 
be noted that, if the germination capacity be 80 per cent, and 
there be 10 per cent, by weight of weed seeds, the germination 
value or “ real value ” is only 90 per cent, of 80 per cent., i,€, 0.9 
of 80 per cent, or 72 per cent. 

(b) Using any available small seeds, take 00 and divide them 
into three equal lots, A, B, and C. Place lot A in a dry test-tube, 
immerse lots B and C each in half a test-tube of water for twenty- 
four hours. Heat lots A and C in a water-bath or water-oven 
for two hours at 80° C. Determine the percentage germination 
of each of the three lots separately ; A should be full capacity, 
B slightly less and C minimal or zero. The effects of temperature 
and immersion in water each depend upon the other conditions ; 
dry seeds survive high temperatures more readily than do 
moistened seeds, and some seeds recover from the effects of dry 
heat. 


CHAPTER V 


THE MICROSCOPE AND THE CELL 

Rkfohe the student proceeds to further studies of the 
plant and how it works he must have some acquaintance 
with (a) the microscope and (b) the microscopic units of 
whicli the plant is built. 

THE MICROSCOPE 

23. 1. Parts of Microscope. Examine the microscope 
provided and recognise the following parts : foot, body-tube, 
coarse and fine adjustments, stage, diaphragm, mirror, nose- 
))iecc, objectives (low and high power), eye-piece, draw-tube. 

II. Mounting, (a) Most objects are examined by 
transmitted (not reflected) light and must, therefore, be 
thin and transparent. 

(b) Place the object in a very small drop of mounting 
liquid (e.g. water, glycerine, etc.), in the centre of a clean 
glass slide. 

(c) Carefully lower, by aid of a mounted needle, a clean 
cover-slip on the surface of the liquid. It is very important 
to use the proper amount of liquid, Le, just enough to reach 
the edge of the cover-slip, and no more ; otherwise the 
liquid will often get on the top of the glass, and so to the 
objective of the microscope. 

N.R. — Never use the microscope on an object without a 
cover-slip, unless this is expressly directed, as in Ex. 30. 

(d) Staining (with special reagents) may be done either 
on a slide or in watch-glasses before transferring to the slide. 

(e) One mounting or staining fluid may be replaced by 
another by irrigation without removing the cover-slip. 
Place a small drop of the second fluid on the slide at the 
edge of the cover-slip and draw through by blotting paper 
applied on the opposite side. 

III. Use of Microscope, (a) See that the eye-piece and 
objectives arc clean. 
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(b) Adjust the mirror so that suflicient light reaches the 
eye-piece. 

(c) Always find the object with the low power first, 
focussing with coarse adjustment ; and then move the 
object into the centre of the circular field of vision. 

(d) If greater magnification be required, see that the 
draw-tube is pushed in, raise the body-tube with the 
coarse adjustment for i inch ; swing round the high power ; 
then, with the eye at the level of the stage, slowly lower the 
body-tube until the high power objective almost touches 
the cover-slip ; and focus upwards always with the fine 

adjustment, keeping the eye 
looking into the eye-piece while 
doing so. 

(e) Never apply force to either 
coarse or fine adjustment when 
focussing. If anything appears 
to be wrong with a microscope 
call the attention of a demon- 
strator or attendant at once. 

IV, Illumination, (a) In ex- 
amining delicate objects, the 
finer details of structure can 
often be seen only if part of 
the light be cut off by means of 
the diaphragm underneath the 
stage. 

(b) A north window gives the 
most suitable daylight for micro- 
scopic illumination. 

(c) Artificial lights should be scientifically shaded as in 
the lamp illustrated (Fig. 6). 



Fig. 6 . — Small’s Microscope 
and Bench Lamp. 


THE CELL 

24. The free mature plant cell — as an essentially spherical 
body limited in size by a cellulose wall and containing a 
thin film of cytoplasm, in which occur a nucleus and possibly 
other bodies, and which constitutes a large vesicle enclosing 
vacuolar sap — can be seen most readily in the fleshy fruits. 
Take a very small portion of the soft fleshy part of an apple 
or tomato or snowberry or similar fruit. Mount in water as 
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described above in 23, II (b) (c), squashing the tissue gently 
with the cover-slip. 

The spherical cells are easily distinguished under low 
power. Choose a few very distinct cells and move the slide 
so that these are in the centre of the field. Change to high 
power, note carefully and draw (a) the cellulose wall, (b) the 
granular cytoplasm, (c) the highly refractive nucleus which 
changes in appearance with slight alterations in the fine 
adjustment of the microscope, (d) the transparent vacuolar 
sap, and (e) any other cell contents which may be present, 
e.g. small brownish-red chromoplasts in the tomato. 

25. The plant cell as the mature unit built up into a tissue, 
with its spherical extension limited by the pressure of 
neighbouring cells, is most readily seen in epidermal tissues 
which can be easily stripped from the leaves of many 
monocotyledons. 

Strip the inner side of an onion-bulb scale, or the leaf of 
the iris, hyacinth or daffodil ; mount and examine a small 
portion. Draw carefully, using H.P., at least one cell 
together with all the cells surrounding the first one (c2). 
Fig. T 261). 

26. The plant cell as a uniform unit, which at first contains 
only cytoplasm and nucleus, and later becomes vacuolated 
and differentiated to form different tissues, is most readily 
seen in prepared longitudinal sections of root-tips. Examine 
the prepared section supplied, under the low power. Note 
the dense small cells just above the root-cap ; these are the 
youngest cells and are all very similar, with nuclei, but no 
vacuole. Observe the progressive vacuolation as you pass 
from the first region to those regions which are higher up the 
root. Observe also the gradual change from uniform 
structure and size to a variation giving an outer layer, and 
conducting strands, with relatively uniform tissue as a 
ground- work. 

Draw carefully, using the H.P., a few cells from each region, 
and label your drawings to show the relative positions of the 
cells within the root-tip (cp. Fig. T 71). 

27. Chloroplasts. Amongst all the various cell-contents, 
there are no more important bodies than the green plastids, 
which are the centres of sugar and starch formation. 

(a) Mount the leaf of a moss in water ; ndte and draw a 
few of the cells with their contents, mainly chloroplasts. 

(b) Squash the succulent leaf of a small stonecrop {Sedum 
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spp.) on a slide with the point of a knife, mount under a 
cover-slip with a little water. Examine under low power. 
Choose one of the oval cells, which should lie free in the water, 
and examine under high power. Draw this cell in detail as 
an example of the complete, free and mature green plant 
cell (cp. Fig. T 70). 

Advanced students should study the variation in chloroplasts 
and chlorenehynia, using various algic such as Zygnema, Moiigeotia, 
Spirogyra and Cladojyfiom, etc. (see Chapter XXXIII), Anthoceros 
and various mosses (see Chapter XXXVII), and tiie leaves of 
Selaginella^ PirmSy Snmbucus, Pteonidy Anemone y etc. 

28. Starch Grains and Starch Reaction. 

(a) Scrape off (do not cut) a small portion from the freshly 
cut surface of a potato. Mount in a small drop of water ; 
cover with a cover-slip. Examine under L.P. and note the 
numerous starch grains. Choose a few large grains clear 
of the tissue ; place these in the centre of the field and change 
to the high power of the microscope. Reduce the illumination, 
if necessary, by means of the diaphragm or stop below the 
stage. Observe and draw a few grains to show the general 
oval shape, the hilum or dark spot towards one end and the 
irregularly concentric striae, some of which are more con- 
spicuous than others (Fig. T ,58). Irrigate your preparation 
(see 23, II, e) with solution of iodine and note the dark 
blue colour produced. This is a general test for starch. 

(b) Test for starch with iodine solution placed on the cut 
surface of the bean cotyledon {cp. Fig. T 52) and of the maize 
endosperm {cp. Fig. T 3, e). 

29. Leucoplasts, Chloroplasts and Chromoplasts. 

(a) Starch grains are produced by chloroplasts or by 
similar plastids which are white (lcucoj)lasts). Cut a thin 
section of Pellionia stem and examine the outer part of the 
cortex carefully. Observe and draw some of the transitions 
from chloroplasts to leucoplasts which are shown (Fig. T 64). 

(b) Yellow chromoplasts will be seen in the hypodermal 
cells of the yellow or red parts of the tulip perianth. Red 
rod-shaped chromoplasts are easily found in the coloured 
fleshy parts of the tomato fruit. 

30. (a) Anthocyans. Examine thin sections of beetroot 
and note the colouring matter, which flows out when the 
cells are broken open by pressure on the cover-slip. Pelar- 
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gonium petals and red tulip flowers show similarly coloured 
sap in the epidermal cells. 

(b) Free Organic Acids. Cut out a fairly large eye-bud 
from a potato ; take a number of longitudinal sections of 
this bud and place them in distilled water. Mount one 
section in distilled water and examine it carefully, paying 
particular attention to the presence and distribution of 
cells towards the outside which may contain pink colour- 
ing matter (antho(*yan). Mount another section, upon a 
perfectly clean slide and without a cover-slip, in a large drop 
of balanced diethyl red indicator solution. ^ Observe with 
the naked eye the appearance, within five minutes, of a red 
(‘olour in the peripheral regions of the cortex. Examine 
this section under L.P. and compare it with the control in 
distilled water. The red coloration indicates the presence 
of free organic acids which occur in the sap of these cells, 
as well as in the epidermis of the bud, giving an acidity at 
least greater than pH 5-6, the change point of diethyl red. 
Young rootlets from sprouting potatoes will also show this 
phenomenon. Note tliat some other cells in the section 
remain yellow if no cover-slip be used. Cover the section 
with a cover-slip and observe the gradual spreading of the 
red colour over the whole of the section. This acidity is 
caused by the accumulation of carbon dioxide below the 
cover-slip. 

Make a diagram to show the distribution of the cells 
containing free acid. Other indicators may be used (see 
Appendix II). 

31. Calcium Oxalate Crystals. These occur in various 
forms (see Figs. T 47-50). 

(a) Cut a thin longitudinal section of the lower part of 
the dock-leaf stalk (Euuhm) or a transverse section of the 
leaf-base of horse-chestnut (/Esculus). Mount in alcohol 
and add water. Examine under L.P. ; note the sphacro- 
crystal clusters throughout the section. Draw one cluster 
in detail under H.P. (cp. Fig. T 48). Similar crystals are 
common, but not usually numerous, occurring in the wide 
part of the medullary rays in the bark of lime (Tilia), see 
Fig. T 398, in the cortex of beet (Beta) stem and root, in the 
endosperm of fennel fruits, etc. 

(b) Cut a number of longitudinal shavings from caseara 
bark. Place them in alcohol in a watch-glass. Select a 

^ See Appendix II. • 
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few which are thinner at one end. Mount these in water 
under a cover-slip. Examine the thin ends under L.P. for 
projecting ends of thick- walled bast fibres. Examine these 
parts carefully under H.P. and observe the almost rectangular 
refractive crystals (calcium oxalate) which occur in rows 
near these fibres. Each crystal occupies nearly the whole 
of one parenchymatous cell. Draw a few crystals under H.P. 
(cp. Fig. T 47). Similar crystals are easily found in longi- 
tudinal sections of B.P. Quassia wood (Picraena excelsa), 

A few similar crystals may be found in the bark of 
old stems of soap bark (Quillaia), buckthorn (Rhamnus 
frangula), elm (Vlmus) and alder (Alnus), also near the 
midrib of senna leaves, in sandalwood and in the sclereids 
of calumba root. Longitudinal sections show these better, 
since the squarish refractive crystals are not then so easily 
confused with cross-sections of fibres. The high power is 
required for these small crystals. Similar crystals occur just 
below the epidermis in orange or lemon peel. 

(c) Open the base of an old leaf of Kniphofia, and scrape off 
a small quantity of the mucilaginous material which lies 
between the upper and lower surfaces of the leaf. Mount 
this in water ; examine and draw under low power one of the 
large bundles of needle crystals (raphides). Squash the 
preparation gently with the cover-slip and draw a few of the 
isolated crystals which are freed by the bursting of the cell- 
wall and mucilaginous sheath of the crystal bundle {cp. 
Figs. T 49-50). These crystals are exceptionally large, ^ as 
are some of those in B.P. squill bulb-scales. Similar but 
fewer and smaller raphides may be found in the flower stems 
or leaves of hyacinth, arum, onion and other monocotyledons, 
including also the leaves which crown the fruit of the pine- 
apple, the bulb-scales of squill and the root of ipecacuanha 
in longitudinal sections cleared in chloral hydrate. 

(d) Tests for Calcium Oxalate. Iodine stains brown the 
rhomboidal crystals of protein which resemble the second 
type of calcium oxalate crystals, but does not stain calcium 
oxalate, which is insoluble in acetic acid, but soluble in dilute 
nitric or hydrochloric acid and more slowly in sulphuric 
acid. These tests should be applied in watch-glasses, not 
on slides, as the acids corrode the stage of the microscope. 
They work well but slowly with the raphides of Kniphofia 

1 Large crystals of this kind, which end in a small flat surface, are 
known as styloids. 
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or the sphaero-clusters of Msculus leaf-base. The latter are 
first disintegrated into their constituent crystals and finally 
dissolve completely in the stronger acids. The envelope of 
the bundle can be seen clearly in Kniphojia after solution of 
the raphides is complete. 

32, Cystoliths and Calcium Carbonate. Cut a transverse 
section of the leaf blade of Ficus elastica ; mount in water ; 
examine the hypodermal region of the upper side. Draw 
under H.P. one of the exceptionally large cells which contain 
an oval ingrowth with a rough surface. This is a cystolith 
(see Fig. T 45). Place your section in a watch-glass with a 
little acetic acid and note, under L.P., the gradual solution 
of the incrustation of calcium carbonate together with the 
apj)earance of a distinct stalk and terminal bulb which is 
much smaller than the original cystolith. 

Cell contents, other than those here mentioned, occur 
most conspicuously as reserve materials and are dealt with 
in Chapter XVIII. 

33. The Nucleus and Nuclear Division, (a) Examine the 
prepared slides of root-tips carefully under tlie high power. 

Distinguish and draw at least four different stages in 
vegetative nuclear division (mitosis) [cp. Fig. T 66). 

(b) Examine the prepared slides of Lilium flower-buds. 
The young embryo-sacs of the ovules show various stages of 
meiosis. 

The developing pollen-mother-cells of the young stamens 
also show similar stages. Draw at least four clear nuclear 
figures to show (1) the looped spireme of synizesis or synapsis ; 
(2-3) the spindle and double chromosomes of later stages ; 
(4) the tetrad of nuclei formed by meiosis (cp. Fig. T 67, 
which is only a diagram with a very heterogeneous collection 
of chromosome forms). 

(c) Examine the prepared section of Allium root which is 
specially fixed and stained to show the chondriosomes, 
extra-nuclear bodies which when in the form of granules 
are called mitochondria. These may function as the initial 
bodies for various plastids and in other ways. 

TISSUES 

Drawing Directions 

The student who has done the above exercises is already 
acquainted with several tissues, such as meristems Ex. 26, 
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epidermis Ex. 25, chlorenchyma Ex. 27, ground-tissue and 
conducting tissue Ex. 24, 26. He should meet these again 
and others during later exercises on the details of plant 
structure. It is important, however, that students should 
be able to recognise the various tissues as such and not 
merely as cells located in particular positions in stem, leaf, 
root, etc. It is important also, as a matter of training, that 
he should be able to record correctly the characteristics of 



Fig. 7. — Tissue Drawing Methods for Students. 

each tissue. The student should, therefore, note very 
carefully the following points : namely, (a) the relative size 
of the various cells, (b) the shapes of the cells as seen in 
transverse and in longitudinal section, and where possible in 
surface view, as in epidermis. These shapes are best con- 
sidered as being made up of four or five or more sides ; 
and the straightness or otherwise of the sides, together with 
their number and relative lengths, should be noted. This 
procedure enables a student who can write, but vows that 
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he cannot draw, to record with some degree of precision 
what he has seen. Actually, “ if you can write you can 
draw,” but you must know first of all whether you should be 
making an “ a ” or a “ b ” ; in other words, the student 
who has observed properly and knows what he has seen can 
always put it down on paper. 

As a guide to the usual characteristics of tissues (Fig. 7) 
we may take the following : — 

Epidermis. In surface view, as on leaves, the walls are 
usually five or six in number and may be straight or wavy. 
There are fret^uently several long walls and several short 
walls. The various arrangements of lengths and curves and 
the angles at which these meet give various shapes which 
may be characteristic of the species or genus. On stems 
the epidermal cells are usually brick-shaped with four long 
and two short walls all more or less straight. 

In section the epidermal cell has the outer wall curved, 
the lateral walls usually shorter and straight, and the inner 
wall may be single and straight or it may have two or three 
sections meeting at a rather wide angle. See Figs. T 64, 
T 70, T 149, T 151, T 255. 

Advanced students should study the epidermis of Aloe leaf, 
Mesembryanthemum crystallinum, Nerinm oleander^ Dumthus 
caryophyllus, etc. 

Meristems. Except in the lower plants, some of which 
have single apical cells of various shapes governing cell- 
multiplication, meristems are the tissues in which cell- 
division takes place. In the apical regions of stem and root 
these cells are almost cubical or flattened squares, so that 
they appear as squares or rectangles which may develop 
into pentagons or hexagons by mutual pressure of the cells. 
Apical meristem cells have characteristic dense contents 
with vacuoles absent or few and small. Meristematic tissue 
elsewhere in the plant usually shows a large proportion of 
dense protoplasmic contents, but these cells are frequently 
vacuolated and elongated to a considerable degree. 

The characteristics of meristem cells are, therefore, the 
squarish or oblong shape, the rather dense granular contents 
with or without vacuoles and the presence of new thin walls, 
each stretching across an otherwise clearly aefined individual 
cell. These cross-walls are frequently thinner than the 
other walls which surround the pairs of daughter-cells. A 
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clear sign of meristematic activity is to be seen in the 
orderly arrangement of cells in rows which may be 
longitudinal as in the apex of root and stem, or radial as in 
secondary growth. Sec Figs. T 68-71, T 149, T 151-152, 
T 154, T 394, T 398, T 402, T 405, T 408-410. 

Advanced students should study meristems in the apex of 
Hijypuris stem^ root apex and lateral root priinordia, grass nodes, 
etc. 

Chlorenchyma. This tissue can always be distinguished 
in the fresh condition by its one essential, the presence of 
green plastids (chloroplasts). The shape of the cells varies 
very considerably, from globoid (Ex. 27) to an elongated oval 
as in palisade chlorenchyma, or to irregularly stellate as in 
spongy chlorenchyma. It occurs in leaves and towards the 
outside of many stems. See above. Ex. 27, for advanced 
work. 

Laticiferous Tissues. In the fresh plant the presence of 
these tissues is indicated by the exudation of a milky Iluid 
when the tissue is either broken across as in the dandelion 
or pricked with a pin as in spurges {Euphorbia spp.), etc. 
When this symptom is present the tissue may be found best 
in longitudinal sections, as a branching system of thick- 
walled tubes or as an irregular anastomosing system of rela- 
tively thin-walled cavities. In all types the latex shows up as 
dense, sometimes yellowish, contents. In transverse sections 
these tubes or cavities are cut across and the dense contents 
may have an opportunity to escape by reason of the elastic 
contractions of the walls. The thick walls of the rounded 
tubes can be seen and in fixed material the dense contents 
remain to indicate the transverse distribution of the lati- 
ciferous tissues, which are often associated with bast, but 
occur also elsewhere in the plant. See Figs. T 88-84. 

Advanced students should study L.S. of Euphorbia stem, 
Taraxacum, Euonymus bark, La^tuca leaf, etc. 

Sclereids. These are isolated cells with thick lignified 
walls. They vary from rounded shapes to elaborately 
branched structures which vary in the apparent shape 
according to the plane of section. 

34. Separate from the soft tissues one of the many hard 
granules to be found in the flesh of a pear fruit. Squash this 
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granule firmly in a little water on a slide with the blade 
of a penknife. Mount the preparation with a cover-slip. 
Examine carefully with both L.P. and H.P. Draw one or 
two single sclereids, using H.P. 

35, Cut a section across a rolled tea-leaf which has been 
soaked in hot water. Used tea-leaves suit admirably. 
Observe the variation in the apparent shapes of the sclereids. 
Tease out a portion of the leaf in water and examine this 
preparation. Draw a complete sclereid using the several 
views obtained for your three-dimensional reconstruction. 

Hakea leaf, after simmering in dilute caustic potash, may 
be used instead of old tea-leaves. Compare also Nympha a 
stellata petiole (Fig. T 85), Camellia leaf, Sciadopitys leaf, 
Bignonia hypodermis, Plantago lanceolata rhizome, etc. 

Collenchyma. The essential feature of this tissue is the 
unequal cellulosic thickening of the walls which remain 
unlignified. The nature of this thickening can be tested 
with chlor-zinc-iodine (blue = cellulosic) and with aniline 
sulphate (not yellow = unlignified). 

In drawing collenchyma the student should not allow the 
conspicuous irregular masses of the thickening to distract 
his attention from the fact that it is a tissue, a group of 
similar cells. He should first fill in lightly the outlines of 
the constituent cells in order to get them in the proper places 
and fitting together in the drawing as they do in the sections. 
Afterwards the angular blobs of thickening can be darkened 
according to the pattern shown, along mutual boundary 
walls of the cells or in the angles where three or four cell-walls 
meet. Very great care and absolute accuracy are required to 
obtain a reasonably good fit if the thickenings are drawn 
first, and the student should therefore follow the above 
instructions closely (see Fig. 7). 

The advanced student should compare various petioles and 
stems of Umbelliferic, including Astrantia petiole, with Helianthus 
and Lamium, 

Sclerenchyma. The essential features here are the 
lignification of the thick walls (yellow with aniline sulphate, 
etc.) and the characteristic elongated cells showing bluntly 
pointed ends in longitudinal section. The spindle ends to 
the otherwise nearly cylindrical cells show in transverse 
section as apparently smaller cells. Since there is much 



26 THE MICROSCOPE AND THE CELL 

more of the cylindrical lengths than of the ends, the bulk 
of this tissue appears in cross-section as thick-walled cells ; 
with polygonal outer sides to the walls, which should be 
drawn first to give the general position of the cells ; and 
with the inner line of the wall parallel to the sides of the 
outer polygons, but rounded instead of sharp at the angles. 
This inner line should be drawn last, giving three lines to 
each wall, a central light wall and a darker line indicating 
the inside of the two adjacent cells (sec Fig. T 151 
Sclerenchyma varies very considerably and may be built 
of isodiametric cells, as in many fruits, or it may have a 
fibre-like structure, as in ferns. 

Phloem. The essential elements of bast or phloem are the 
sieve-tubes ; the essential characteristic of which is the 
presence of sieve-plates. It is quite necessary to insist upon 
this point, as students and others sometimes consider that 
any group of cells with dense contents and unlignificd walls 
may be said to be phloem. In the angiosperms these sieve- 
plates may be seen in a few of the wider tubes in a transverse 
section ; but the sieve-tube tissue, like the latex tube, is more 
easily seen in longitudinal sections {cp. Figs. T 154, T 157). 
The transverse sieve-plates of angiosperms are more 
numerous and more conspicuous in L.S. ; and the siev'e-plates 
on the lateral walls in some angiosperms (Fig. T 90) and in 
all gymnosperms and ferns can scarcely be found by the 
student except in longitudinal sections. 

- In observing sieve-tubes for the purpose of recording their 
structure the student should note that in L.S. they are nearly 
cylindrical with oblique or bluntly pointed end walls ; in 
T.S. they are frequently live-sided with short and long sides 
in dicotyledons (Fig. T 88, T 149, T 151), frequently eight- 
sided with four short sides alternating with four longer sides 
in a very regular pattern in monocotyledons (Fig. T 156), 
and usually six- to eight-sided in the ferns (Figs. T 168, 
T 170). 

Companion cells, showing as small rectangular cells with 
dense contents, accompany the sieve-tubes of higher plants, 
but are absent in ferns and gymnosperms. 

Bast fibres may be drawn according to the directions for 
sclerenchyma (see above), making the outer line of the wall 
light and the inner line darker. Bast fibres vary considerably 
in shape, but they have usually acutely pointed ends and 
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oi'tcA have thick lignhied walls. lu transverse section 
they may appear almost rectangular, rounded or polygonal. 
The inner line of the ivall is always rounded, not angular, and 
the lumen or cavity may be reduced by the thickening to a 
small circle (punctiform) or to a narrow slit (linear). 

Xylem. The essential elements of the wood or xylem are 
tracheids, which are cylindrical cells with oblique or straight 
end walls and thick lignificd walls pitted or thickened in 
rings, spirals, ladders or networks. It is again necessary to 
insist upon this point, V)eeause students and others show a 
tendency to consider that angiosperms have vessels or 
trachcic as their essential woody elements. Vessels are 
absent from most of the gynmosperms and all the ferns, but 
their presence in angiosperms does not as a rule mean the 
absence of tracheids, which remain to form the bulk of the 
wood in most conducting strands. In a few cases such as 
very young sunllower stems tracheids may be absent tem- 
porarily from the xylem. 

Vessels and tracheids are very similar both in L.S. and 
T.S. They both have thick lignified walls showing as 
polygons in T.S., with the inner lines of the sides very strictly 
parallel to the outer lines and showing the same wide but 
sharp angles inside as outside. They are both thickened 
unequally and show in L.S. rings, spirals, ladders or networks 
of thicker parts of the wall. They both show pits of various 
kinds, including bordered pits with circular openings as in 
conifers or with crossed slit-like openings as in many 
angiosperms. They differ in two points : (a) the vessel is 
sometimes but not always larger in diameter than the 
traeheid ; (b) the vessel has perforated cross-walls. The 

latter is the only essential difference between vessels and 
tracheids, and the perforation of the cross-walls may be 
complete giving one large hole, or scalar iform giving a varying 
number of slits. In the latter case the absence of the middle 
lamella becomes the only criterion as to the nature of the 
cell, and the presence or absence of this fine layer is sometimes 
difficult to demonstrate. 

In addition to vessels, other subsidiary elements sometimes 
occur in xylem. These may include thin-wfilled or thick- 
walled fibres which are unlignified ; and thick- walled 
spindle-shaped lignified wood-fibres which have the line of 
the lumen very definitely rounded and not parallel to the 



28 THE MICROSCOPE AND THE CELL 

polygonal outer sides in T.S., and in which the lumen may 
be reduced to a mere point. 

Cambium and other Interstitial Meristems. These are 
generally composed of elongated tabular cells showing two 
short with two longer walls in T.S. and two short with two 
much longer walls in L.S. (cp. Figs. T 151-154 ; also Figs. 
T 405, T 408). Since active cell-division occurs with the 
new walls usually tangentially arranged, these tissues all 
show a characteristic arrangement of the cells in radial rows. 
The student should note that although in T.S. the cells are 
brick-shaped, their arrangement in T.S. is not that seen in a 
brick wall, where the bricks alternate in position as one 
passes at right angles to the long axis of the rectangles. 

Endodermis. A modification of the briek-wall arrange- 
ment is shown by this special tissue which forms a hollow 
cylinder around the conducting system of the stem and root. 
The cells are more or less rectangular in T.S. and in L.S., 
the length being much greater along the axis of the organ 
than radially or tangentially. Position is sometimes the 
only characteristic of this tissue, but this lay^r of cells may 
contain starch grains (giving blue with iodine, Fig. T 151), 
or it may show suberised portions on the lateral as well as 
on the top and bottom walls (see Figs. T 149, T 151), or the 
suberisation may extend over the inner wall also and the 
wall become unequally thickened (see Fig. T 804). The 
suberin dots of the Casparian strip, as well as the more 
easily distinguished greater suberisation, can be seen clearly 
when stained with Soudan red or phloroglucin (see Appendix 
II). 

Cork. Developed as the result of meristem activity cork 
cells show an unusually regular arrangement of the cells in 
radial rows. The cells are rectangular in shape, brown in 
colour and highly suberised (Figs. T 898, T 408-410). 

36. (a) Cut a thin cross-section of a bottle cork ; mount 
in alcohol, add dilute glycerol ; and draw a sufficient number 
of connected cells to show the characteristic arrangement 
as well as the shape of the cells, (b) Cut thin transverse 
sections of elder (SambiLcus) stem, and make careful H.P. 
drawings of the outer tissue to show the cork layer and the 
meristem layer from which the former arises. 
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Parenchyma. This thin-walled unlignified tissue with 
granular cytoplasm and large vacuoles forms the ground- 
tissue of all organs. The thin wall should be represented 
in drawing by one thin line. The granular contents may be 
stippled. The shapes vary too much for specific drawing 
directions, but the student should note, as in other tissues, 
the number and straightness or otherwise of the sides of the 
polygons, and, in addition, the presence or absence of gaps 
(intercellular spaces) between the cells. Some of the varia- 
tions are illustrated in Figs. T 72-81. 

Tylosis. As a special type of irregular secondary 
parenchyma this occurs in the cavities of the tracheids and 
vessels of old wood. 

37. Cut a longitudinal section of the timber supplied and 
examine it carefully. Some or all of the wood elements 
should show tyloses (see Fig. T 121). 

Although a few exercises have been given for special 
tissues, the above details are given mainly to assist the 
student in the identification of tissues as specific tissues and 
to help him towards recording correctly the observations 
which he will be required to make in later exercises. There 
is much variation, and many exceptions or abnormalities 
will be encountered in any extensive course of histology. 
In any case the actual arrangement of the cells varies from 
plant to plant and THE STUDENT SHOULD MAKE HIGH 
POWER DRAWINGS ACCURATELY CELL BY CELL 
FROM HIS OWN SECTION. 



CHAPTER VI 


THE STEM 

At this staf^c the first-year student should make the 
acquaintance of a complete plant and distiuLmisli the main 
parts which make up the whole. 

38. Examine the external features of the groundsel 
{Senecio vulgaris) or other plant supplied. Make a drawing 
to a stated scale of the entire plant showing (1) shoot with 
stem, leaves, nodes and internodes, buds and llowers ; 
(2) root with root-branches or rootlets, dissimilar parts being 
absent in the root but present in the shoot. Annotate your 
drawing, labelling all the parts which you can recognise 
{cp. Figs. T 1, T 122, T 138). 

39. The exercise corresponding to Ex. 38 for more advanced 
students is given in Chapter II. Each student should investigate 
a different species according to the outline given in that chapter. 

40. Extending the elementary examination of the plant, 
as in. Chapter II of the Textbook, a single example of a 
flower and a fniit may now be noted and the details recorded. 

(A) Flower. Examine the flower of the lesser celandine 
{Ranunculus jicaria) and distinguish (a) three greenish 
sepals, (b) eight or more yellow petals each with a small 
honey gland at the base (Fig. T 708), (c) numerous stamens 
each with a filament and an anther containing pollen, 
(d) numerous small greenish carpels crowded together 
(Fig. T 455). Each carpel is made up of an ovary and a 
stigma for receiving pollen. The ovary contains one ovule 
which, after fertilisation, develops into a seed and the ovary 
becomes a fruit. 

(B) Fruit. Examine and draw the fruit of wallflower 
(Cheiranthus cheiri). The fruit in this ease has developed 
from two carpels joined together. Split the fruit lengthwise 
and draw a small portion showing several seeds attached by 
stalks to the wall of the fruit (Fig. T 767-768). 

30 
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such rhizome to show at least two shoots or buds, together 
with the scale-leaves or leaf-scars which are present (see 
Figs. T 132-133). 

(b) Root suckers are common around trees and bushes ; 
and may be seen in the open around poplars, willows, lilacs 
and wild roses or neglected garden roses. Examine a 
prepared specimen of one such sucker ; draw it carefully to 
show the presence of rootlets and the sucker together with 
the absence of scale-leaves or leaf-scars. 

47. Rhizomes, (a) Make a diagram of the prepared 
specimen of the monopodial rhizome of the bracken fern 
(Pteris aquilina). Note the single leaf and the horizontal 
growing-apex. 

(b) Make a careful drawing of the apical portion of the 
sympodial rhizome of Iris, or Convallaria (Lily of the Valley) 
or Polygonatum (Solomon’s Seal) ; showing the leaf-sears, 
the rootlets (adventitious), also particularly the details of 
the scars of the old llowering shoots and the manner in which 
the terminal bud turns up (see Fig. T 134-136). 

48. Erect Rhizomes and Root-stocks. Make diagram- 
matic sketches showing (1) the position relative to ground 
level, (2) the leaf-scars, (3) the rootlets and (4) the pull- 
roots in the following : Taraxacum officinale, Oxalis 
acetosella. Ranunculus hulhosus (see Figs. T 1 and T 137- 
138). 

49. Soboles. Make a careful drawing of at least three 
nodes and two internodes of the thin rhizome or sobole of 
one of the following : couch-grass {Agropyron repens), 
marram grass {Ammophila or Psarnma arenaria), sand sedge 
(Carex arenaria). Your drawing should show clearly (1) the 
scale-leaves, (2) the rootlets, (3) one current leafy shoot and 
(4) the terminal bud (see Fig. T 139). 

50. Tubers, (a) Examine carefully and draw the tuber of 
the potato plant {Solanum tuberosum) ; note the stalk-scar 
at one end and the gradually increasing frequency of “ eyes ” 
as you pass from that to the other end, where there is one 
terminal eye-bud which has no corresponding leaf-scar and 
which is surrounded by several other buds or eyes. The 
apical eye consists of a single bud. Examine and draw on 
a large scale one lateral eye to show : (1) the leaf-scar with 
or without the ragged remains of a scale-leaf, (2) the central 
main bud of the eye, (8) the two lateral buds in the axil of 
the same scale-leaf, (4) any other accessory axillary buds 
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which may be present ; there may be as many as nine buds 
in one “ eye ” (see Fig. T 140). 

(b) Examine and draw the tuber of the Jerusalem 
artichoke (Helianthus tuberoms) ; note that here the scale- 
leaves persist. They are often large and fleshy, covering 
the relatively large axillary buds. Dissect off several 
scale-leaves ; make a drawing of one axillary bud and its 
associated scale-leaf which you have already dissected 
away (see Fig. T 141). 

(c) Examine and draw the underground storage stem of 
the false oat-grass (Arrhenatherum elatius) to show (1) the 
swollen tuberous internodes, (2) the leaf-scar at the base of 
one such internode, (3) the axillary bud if present in the 
specimen. 

51. Corms. (a) Examine a Crocus corm carefully ; note 
that it is covered with brown scale-leaves which are mainly 
attached towards the base and towards the top of the corm. 
The line of insertion of each leaf is quite long, nearly encircling 
the corm. Dissect off the brown scale-leaves and look for 
small axillary buds. Note the main apical bud. With a 
sharp knife cut downwards through one of the larger axillary 
buds, cutting part of the corm away. Note the solid stem 
of the corm and the conducting strands passing to the buds. 
Dissect the apical bud carefully, noting the outer fleshy 
colourless leaves, the small pale yellow or greenish foliage 
leaves within, and the coloured flower-bud in the centre 
(Figs. T 142-143). Make annotated or labelled drawings of 
all your dissections. 

(b) Examine the corm of Monthretia (Tritonia) ; note 
that this is very similar to the above in general construc- 
tion, but shows no young flowers in its apical bud. This 
corm also shows a very definite basal stalk and may have 
a secondary corm on a slender stalk attached near the 
top of the parent corm. In the crocus the secondary 
corms are sessile developments of the axillary buds which 
occur around the top of the parent corm, but in Tritonia 
the axillary bud develops .into a long, thin, tough branch 
with one or two scale-leaves, which branch swells up at the 
end to become a daughter-corm. Make an annotated 
diagram to show the relations of the parts, labelling as in 
the crocus. 

(c) Pharmaceutical students, in particular, should also 
examine the corm of Colchicum autumnale where the struc- 
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ture is similar to the crocus bud, but the flower bud is 
lateral instead of apical. 

52. Bulbs, (a) Examine carefully the bulb of the tulip 
or daffodil. Cut it in half along the centre. Make an 
annotated diagram to show (1) the flattened and relatively 
small solid stem, (2) the brown outer scale-leaves or tunic, 
(3) the fleshy inner scale-leaves or leaf-bases which encircle 
the bulb-centre and have broad lines of insertion, (4) the pale 
green foliage leaves which are less wide and have smaller 
lines of insertion, (5) the central flower-bud (cp. Figs. T 144- 
147). 

(b) Compare with the tulip the bulb of the onion {Allium 
cepa), snowdrop {Galanthus nivalis), the bluebell {S cilia non- 
scripta) or the squill {Scilla verna). The structure of each 
of these is similar to that of the tulip, but the number of 
scales varies and the foliage leaves are narrower. 

(c) From your studies of tubers, corms and bulbs, prepare 
a set of three diagrams to show the relative size of stems, 
scale-leaves, axillary buds, and apical buds in these three 
types of storage organs. 

STEM STRUCTURE OF A DICOTYLEDON 

53. Cut a number of transverse sections of the stem of the 
sunflower. Stain one in aniline sulphate and mount it in 
dilute glycerine. Mount one in chlor-zinc-iodine. Make an 
annotated L.P. line diagram (Fig. T 150) to show : 

I. Epidermis. A single peripheral layer of cells. II. 
Cortex. Consisting of (a) collenchyma, (b) parenchyma with 
air-spaces, (c) endodermis — a layer of cells containing starch 
grains (staining blue in chlor-zinc-iodine). III. Stele. 
Consisting of (a) vascular bundles in one peripheral ring 
embedded in (b) parenchymatous ground tissue which forms 
a large pith and numerous medullary rays separating the 
vascular bundles from each other. Note and draw carefully 
UNDER HIGH POWER (Fig. T 151) the following ; — 

1. Epidermal cells with thin layer of cuticle on the outside. 

2. Collenchyma, the walls of which consist of cellulose and 
are thickened at the corners. 

3. Parenchyma. Thin-walled assimilating tissue of the 
cortex ; note decolorised chloroplasts, also intercellular 
spaces. 

4. Endodermis. Note starch grains inside and lateral 
walls thickened. 

2-~a 



36 


THE STEM 


5. Pericydic fibres (sclerenchyma) with thick lignified 
walls and small rounded cell-cavities. 

6. Phloem, consisting of (a) sieve-tubes and companion 
cells, (b) phloem parenchyma. 

7. Cambium, between the xylem and phloem. The thin- 
walled cambium produces externally new phloem and 
internally new xylem elements. 

8. Xylem. Note (a) large lignified vessels of the 
metaxylern, and (b) smaller vessels of the protoxylem which 
abut on the pith (compare position of the protoxylem in a 
root), (c) xylem fibres (polygonal cavities in T.S.) with 
thick lignified walls and without protoplasm, (d) xylem 
jiarenchyma with cellulose walls and protoplasm. 

9. Pith, with parenchymatous cells progressively larger 
towards the centre of the stem and few air-spaces amongst 
the cells. N.B. — Refer to Fig. 7 and the corresponding 
text before beginning your II.P. drawing. 

54. Examine the stem of the deadnettle {Larnium) and 
make an annotated L.P. line diagram together with a H.P. 
drawing according to the scheme given above in Ex. 53 (see 
Figs. T 148-149). 

STEM STRUCTURE OF A MONOCOTYLEDON 

55. (A) Tranverse Section. Examine the prepared slide 
supplied of T.S. stem of Zea mats (Indian Corn). Make a 
L.P. line diagram to scale showing — (1) Epidermis, (2) Narrow 
Cortex, (3) Large Stele with numerous scattered vascular 
bundles. Compare the arrangements of the bundles in a 
Dicotyledon. Under H.P. draw carefully one of the larger 
vascular bundles near the centre and observe — (a) the 
V-shaped xylem consisting of two large metaxylern vessels 
(these are pitted) and two smaller protoxylem vessels (one 
is annular and the other annular or spiral). The vessels are 
embedded in xylem parenchyma. On one side of the 
protoxylem there is usually a prominent space which in the 
living plant contains water, (b) The phloem (lying between 
the two large metaxylern vessels) consisting of relatively 
large, clear sieve-tubes, each one of which is accompanied 
by a small companion-cell with abundant protoplasmic 
contents, (c) The bundle sheath surrounding the xylem and 
phloem is a sheath of sclerenchyma partly interrupted by 
thin-walled cells opposite the phloem (Figs. T 155-156). 
Explain the significance of the fact that in both Sunflower 
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and Maize the sclerenchyma is found chieily round the 
periphery of the section. Note carefully the absence of 
cambium between xylcm and phloem in the monocoty- 
ledon. 

(B) Longitudinal Section. N.B.- — Longitudinal sections 
are always more dilficult to interpret than transverse 
sections. All transverse sections of a given vascular bundle 
would be alike, but longitudinal sections through the same 
bundle will vary in appearance according to the plane of 
Cutting. 

Identify the structures seen in L.S. and determine 
accurately the plane in which the bundle has been cut 
(Figs./ 'f 157, A and B, and Fig. T115). Make H.P. 
drawings to show especially (a) annular or spiral vessels of 
the pfrotoxylem, (b) a large pitted metaxylem vessel (probably 
in a different section), (c) sieve-tubes of the phloem with 
tranfverse sieve-plates (staining deep red with eosin), 
(d) narrow companion cells, (e) thick-walled prosenchymatous 
fibres of the sheath of sclerenchyma. 

56. Cut several transverse sections of couch-grass rhizome 
(sobole). Stain one in aniline sulphate and another in iodine 
solution. Make a line diagram to show : (1) the distribution of 
vascular bundles, (2) the distribution of sclerenchyma (see Fig. 
T 158). 


FURTHER EXERCISES IN STEM STRUCTURE 

57. Structure of Cucurbita Stem, (a) Cut several sections 
of Cucurbita stem. Mount one in chlor-zinc-iodine. Stain 
another in aniline sulphate and mount in glycerine. Observe 
under L.P. — (1) Epidermis; (2) Cortex, which is widest 
opposite the ridges of the stem ; opposite the furrows it is 
only a few cells in width. Opposite the ridges it has an 
outer zone of collenchyma and an inner zone of thin- walled 
parenchymatous cells. The innermost layer of the cortex 
forms an ill-defined starch sheath, which is the endodermis. 
(3) Stele : the stele is defined by a band of sclerotic cells, 
the outer pericycle ; the inner part of the pericycle is 
thin-walled parenchyma. The vascular bundles form two 
series, the inner bundles being larger. Compare this with the 
single ring in sunflower. Examine one of the large bundles 
under H.P. and note that it is bi-collateral, i,e. there is a 
strand of phloem on the inside as well as on the outside of 
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the xylem. The protoxylem is endarch, i,e, at the inner 
margin of the xylem. The xylem has unusually large 
vessels. Note that cambium occurs between the outer 
phloem and the xylem. Traces of cambium may also be 
found between the xylem and the inner phloem ; this inner 
cambium is sometimes very well-developed in old stems. 
Examine the phloem carefully and note (1) Sieve-tubes — 
elements with large lumens ; transverse sieve-plates may be 
seen ; these have a punctate appearance due to perforation 
by the sieve-pores : (2) Companion cells are small cells 
attached to the sides of the sieve-tubes ; they are sister cells 
of the sieve-tubes and still appear as thougli recently cut off 
from them by a longitudinal wall : (3) Pliloem-parenchyma, 
which forms the rest of the phloem. In sections treated 
with chlor-zinc-iodine all the walls of the phlot'm turn blue, 
but the sieve-plates appear yellow or brown owing to the 
callus massed round them (Figs. T 15»3 and T 88). Make a 
low power line diagram of the section and careful high power 
drawings of representative cells. 

(b) Cut radial longitudinal sections through a vascular 
bundle ; mount in iodine solution. Note and draw 
transverse sieve-plates and the callus mass which invests 
them. Draw also at least three kinds of thickening as shown 
in L.S. of vessels (Fig. T 154). 

58. Pocket-lens Observations. Even the first-year student 
will acquire an interesting knowledge of the larger features 
of plant anatomy, if he takes a sharp knife or a pocket-razor 
(utility knife) and his pocket-lens with him during country 
or garden walks, and observes as follows : Cut a thin slice 
of stem, leaf-stalk or other part of the fresh plant ; impale 
this upon a pin or hold it with a pair of spring tweezers 
(cover-glass tweezers or artery forceps are most convenient) ; 
hold the thick section or slice up to the light and examine it 
carefully with a pocket-lens. 

In this way he will find that — 

(a) Sunflower seedling hypocotyl has a single ring of 
bundles : 

(b) Pea seedling stem has four bundles in a square and 
shows the passing outwards of leaf-trace bundles ; this can 
also be traced in longitudinal slices : 

(c) Young stems of shrubby species of Veronica show very 
clear leaf-traces ; the gap left can be seen easily and the 
rapid filling up of this gap can be followed by taking a 
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series of four or five slices ; longitudinal slices taken 
radially also show this clearly : 

(d) A similar series of slices, taken through two successive 
nodes of Lamium stem, shows the four corner cauline bundles 
passing practically undisturbed through the nodes, while the 
side bundles pass out as leaf-traces ; cauline bundles do not 
leave the stem and occur in many other cases : 

(e) Buddleia globosa stem shows a square stem with an 
anatomy like that of Lamium (Fig. T 148), but with the 
outer part of the stem ringed round with a felt of large 
stellate hairs, easily seen with a pocket-lens : 

(f) Wallfiower {Cheiranthus) stem shows a pentagon of 
conducting tissue : 

(g) London Pride {Saxifraga umbrosa) shows large easily 
seen cells in the cortex and in the stellate pith ; the latter 
being surrounded by an opaque white band of sclerenchyma ; 
the angle-bays of the star containing dark masses of wood 
and the endodermis showing clearly as a thin pink line round 
the central mass : 

(h) Groundsel (Senecio vulgaris) stem shows a peripheral 
ring of bundles like sunflower, but with very large cells 
in the pith, easily distinguished as cells under the lens : 

(i) The tuberous roots of Ranunculus ficaria tubercles 
have an opaciue central strand, showing that they are roots 
not stems : 

(k) Scattered bundles are to be found in unexpected 
places, and it is really only scattered bundles with no cambium 
between xylem and phloem which can be taken as indicating a 
monocotyledon. Thus he will find many scattered bundles 
in the leaf-stalks of rhubarb. Rumxx sp. (docks), butterbur 
(Petasites), in both Jeaf stalk and stem of the giant fennel 
and some other Umbellifcra?, although hemlock {Conium) 
leaf-stalk has only one ring of big bundles. He will find the 
typical scattered arrangement also in Asparagus stem, Iris 
rhizome especially near the apex, and so on ; one ring only 
in aconite rhizome, but one ring of bundles with xylem dark 
and phloem opaque white or grey as usual in the rhizomes 
of plantain and dock {Rumex) with leaf-traces in the cortex. 
The plantain (Plantago lanceolata) also has scattered dark 
masses of sclereids in the pith which do not look at all like 
conducting strands even under the lens. The dock rhizome 
has many scattered bundles in the cortex and the slice is 
very like a section of couch-grass on a larger scale (Fig. 
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T 158), but the bundles under the microscope show cambium 
in Rumex and no cambium in Triticum repens. He will also 
find hosts of other interesting phenomena, as shown in 
“ Pocket-lens Plant Lore.” 

59. Examine a prepared transverse section of the stem of 
pepper (Piper) or of the rhizome of dock (Rumex). Draw a 
diagram to show the two rings of bundles in the pepper or the 
scattered arrangement in the dock. Make a H.P. drawing of a 
portion of one of the bundles to show the intrafascicular cambium 
in either example. 

60. Cut transverse sections of a solanaceous stem, such as 
potato (Solanum tuberosum), tomato (Solanum ly coper si cum), 
bittersweet (Solanum dulcamara), or of any other genus of the 
family (see Textbook, pp. 60H 004). Make accurate H.P. 
drawings to show the internal phloem and a L.P. line diagram to 
show the distribution of that tissue. 

61. Examine as in 60 the bicollateral bundles of gentian, centaury, 
chiretta, Chlora or myrtle (see Textbook, pp. ,599 and ,598). 

62. Examine carefully a prepared transverse section of a young 
stem of Pinus. Make a line diagram to show the similarity of 
this to a dicotyledonous stem. 

63. Examine a prepared transverse section of a portion 
of an Aspidium rhizome. Note the absence of cambium and 
the arrangement of protoxylem, xylem and phloem. Look 
for internal glands. Make an aniudated line diagram of 
the section (cp. Figs. T 166-168). 

64. Make annotated line diagrams, combining the appearances 
in T.S. and L.S., to show the arrangement of the mechanical 
supporting tissues of the stems of Lamium, Cyperus, Junens, 
Allium (scape), Molinia, 

65. On the basis of your observations prepare a table to 
show the real differences between the stems of dicotyledons 
and monocotyledons, the position of the protoxylem, xylem 
and phloem in relation to one another in the stems, and the 
external characteristics of the stem as a main axis, or as a 
branch axis arising in the axil of a leaf, giving rise to lateral 
organs which are essentially different from the stem, e.g. 
leaves. 
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THE LEAF 

General Foliage-Leaf Structure 

66. Make careful drawings of the leaves of the following 
plants: (1) Dicotyledons— Rhododendron, Ivy, Buttercup, 
llorsc-chestnut. (2) Monocotyledons — Grass and Daffodil. 

Note : (a) Whether leaf is simple or compound ; (b) 

whether leaf is petiolate or sessile ; (c) margin of lamina- 
entire, toothed or lobcd ; (d) nature of leaf-base ; in grass 
note the ligule ; (e) primary venation — pinnate, palmate or 
parallel. 

Note the secondary reticulate venation of the leaf of the 
Dicotyledon. Draw the main veins of each leaf and make a 
large-scale drawing of part of each leaf to show details of 
veining. 

67. Examine and make an annotated drawing of a foliage 
leaf of the rose, as an example of a complete leaf, showing 
leaf-basc, stipules, petiole, and lamina. The lamina is 
completely divided, so that this is a compound leaf, with the 
main midrib as a rachis to which are attached a varying 
but usually unequal number of leaflets. Note also the 
trichome or hair-like prickles if they be present on the 
rachis (Fig. T 173). Observe carefully and thoughtfully 
that the lamina is broad, and flat and thin and green ; these 
are the characteristics of a foliage leaf-blade, which are 
essential for the proper carrying out of its functions. 

68. Strip off a small portion of the epidermis of daffodil 

foliage leaf and mount in water with the outer surface 
uppermost. Under lower power note : (a) ordinary 

epidermal cells ; (b) stomata arranged in longitudinal rows. 
Under H.P. draw (a) a few epidermal cells, poting the cell- 
wall, the granular protoplasm and a round or pointed 
nucleus containing one or more nucleoli ; (b) a single stoma, 
showing also the two guard-cells which contain chloroplasts. 
The guard-cells enclose the slit-like stoma or pore. 

41 
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69. Mount a leaf of Elodea in water. Under H.F. note 
the numerous chloroplasts in each cell. These may be 
found embedded in actively circulating protoplasm in each 
cell. Draw a single cell showing the contents. 

70. Examine a leaf of Box {Buxus sempervirens), which 
has been boiled for ten to fifteen minutes in potash solution. 
Separate it into three layers, (a) upper epidermis, 
(b) mesophyll, (c) lower epidermis. Mount each layer 
separately in dilute glycerine. Draw and compare the upper 
and lower epidermis as to presence or absence of stomata. 
Draw the arrangement of veins and vein-endings as seen in 
the mesophyll under L.P. 

71. Examine a prepared section of the leaf of Rue (Ruta), 

Note under L.P. and H.P. : (a) upper epidermis — a single 
layer of cells with cellulose walls, the outer wall covered and 
thickened with cuticle : (b) palisade parenchyma — one or 
two layers of columnar cells with cellulose walls : (c) spongy 
parenchyma — loosely packed irregular cells with intercellular 
spaces : (d) numerous small vascular bundles (veins) 

embedded in the spongy mesophyll ; these have xylem 
towards the upper epidermis and phloem towards the lower : 
(e) lower epidermis — similar in structure to the upper 
epidermis, but with smaller cells. In some sections stomata 
may be seen in transverse section. Note the two guard- 
cells and the pore or stoma leading to a large intercellular 
space. Make a L.P. line diagram of the whole section, 
also a H.P. drawing of a part including a vascular bundle 
(Fig. T 255). 

72. Advanced and pharmaceutical students should know the 
use of the terms given in Appendix II of the Textbook, particularly 
in relation to the technical description of leaves. Practice 
descriptions of at least eight different leaves should be written 
out and checked. These should include, as far as possible, the 
arrangement, insertion, composition, as well as sha|>e, margin, 
venation, apex, base, surface, texture, glands and hairs, colour, 
odour and taste. 

73. Hairs. These are frequently of value in the identification 
of fragmentary specimens of leaves or other parts of the plant. 
The student should learn to distinguish practically the following 
types : — 

Clothing Hairs, (a) Simple, unicellular, bicellular or multi* 
cellular. 

(b) Branched, stellate or candelabra. 

(c) Capitate, stellate or scale-like. 
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Glandular Hairs — with oil or other secretory products — 

(d) Sessile or with a s?iort unicellular stalk, and the glandular 
head composed of one cell to eight cells, commonly four. 

(e) Long-stalked with one or usually more cells in the stalk, 
and several but usually one cell in the glandular head, 

(f) Sessile, bladder-like, larger than either (a) or (b) and with 
thinner walls. 

Cut very thin transverse sections of the rosemary (Rosmarinus) 
leaf ; mount them in a drop of alcohol to get rid of air, add water 
and a cover-slip. 

Identify the three kinds of hairs (b, d, f) which are present (see 
Fig. T 270). 

74. Advanced students will find clothing hairs of type (a) very 
common ; of type (b) on mullein (Verbnscum thapsus)^ horehound 
(Marruhium vulgare), young ivy (Hedera helix), etc. ; of type (o) 
on the leafy crown of pineapple (Ananas saliva), as well as 
Tillandsia and other Bromeliaceae, on leaves of alpenrose 
(Rhododendron ferrugineum), etc. ; and glandular hairs of type 
(d) on leaves of Scroj^hularia aquatica, Gratiola officinalis. Prunella 
vidgaris and many others ; of type (e) on leaves of Verbena, 
Teucrium scorodonia, Ly copus. Digitalis, Hyosajamus and Airopa 
Belladonna, etc. ; of type (f) on leaves of Mentha spp.. Thymus, 
Origanum, Stachys, Teucrium, and many other aromatic leaves 
which have no clear oil dots showing when held up to the light. 

75. Stomatal Development. The stages in the formation of 
stomatal guard-cells can be traced near the leaf-base of many 
monocotyledons, e.g. Hyacinth and Tradescantia and near the 
base of young Sedum leaves (cp. Figs. T 264^265 ; also Chap. XL.). 

76. Mechanical Tissues. The foliage leaf as a broad flat 
expansion is subject to shearing strains. Consider the reticulate 
venation of a dicotyledon-leaf from this point of view. Examine 
by means of vertical transverse and longitudinal sections the 
arrangement of mechanical tissue in the leaves of Zea mats. 
Iris, Eriophorum, and Phormium, or such other monocotyledon 
leaves as may be available. Make annotated diagrams to show 
the girders and their connections if any. 

77. Make line diagrams of the petioles of at least eight different 
kinds of leaves, as seen with a pocket-lens when cut across with a 
sharp knife. Note the general U- or V-shape of these cross-sections 
together with the general arrangement of the conducting strands. 
The latter varies more than the general shape does. The petiolar 
furrow may drain water from the leaf-blade towards the centre 
part of the root, and it also acts mechanically in leaf support ; 
as may be seen by comparing the flexibility of -a strip of paper 
20 cm, by 1 cm. with the relative rigidity of the same strip after 
it has been folded lengthwise along the middle to form a long V. 

78. Hydathodes. Examine with a pocket-lens (or the low 



44 


THE LEAF 


power of the microscope) the leaf-margins of lady’s mantle 
(Alchemilla), hare-bell (Campanula rotundifolia), French or 
runner - bean (Phaseolus), or London Pride (Saxifraga 
umbrosa), paying particular attention to marginal vein-ends. 
Note and draw the glands which occur. These arc hydathodes ; 
see also Ex. 495. 


79. Prepare vertical longitudinal sections of one or other of the 
above glands and make a careful drawing of the details as seen 
under the microscope (cp. Fig. T 897). 

80. Pocket-lens Observations. Using a pocket-lens for 
your observations, make line diagrams of thin slices of the 
three main types of internal leaf-symmetry, namely (1 ) dor si- 
ventral as shown by Buxus, Hedera (ivy). Ilex (holly), or 
almost any other ordinary leaf ; (2) isobilateral as shown 
by Iris^ Eucalyptus, Dianthus caryojjhyllus (carnation), 
Eriophorum or another leaf which is flat and vertical or 
nearly so ; (3) centric as shown by Juncus (rush), onion, 
Sedum spp. (round-leaved stone-crops), Mesernbryanthemum 
spp., Hakea, or other leaf which is more or less cylindrical 
and vertical. 


81. Examine and make line diagrams of the cross-sectional 
appearances presented by various grasses under a pocket-lens, 
when the stem, together with its enveloping leaves, is cut across 
with a sharp knife just below the top of the first leaf-sheath. 
The following key gives an approximate idea of these cross- 
sections for common grasses : — 


A. Leaves folded in V-section, giving flattened shoot. 

(a) Close V — with ridges on both leaf- 

surfaces . . . Air a ccespitosa. 

— with 9-12 adaxial sharp ridges 

and a flat, red sheath . Lnlium perenne, 
— with 4-6 adaxial sharp ridges Fesiuca ovina. 
— with adaxial flattened ridges Cynosurus 

cristatus. 


— with thick obtuse con- 
spicuous ligule 

(b) Open V — smooth, keeled below with 
subsidiary furrow over 
midrib .... 

— smooth, keeled below, with no 
subsidiary furrow . 

— ^with flattened ridges . 


Nardus stricta, 
Poa trivialis 
(ligule acute), 
P. pratensis 
(ligule short). 
Dactylis 
glomerata, 
Festuca rubra. 
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B. Leaves coiled in section (with adaxial ridges) giving rounded 
shoot. 

(c) Half-coiled with V at midrib 

with 4r-6 wide ridges, hairy, 
sheath round, white with 
red veins . . . IIolcus lanatus, 

with 9-12 rounded ridges, 
hairless, sheath round and 
red .... Lolium italicum, 

similar, conspicuous keel 

below midrib of blade, Arrhenatherum 
sheath keeled . . elntius = 

Arena datior. 

similar, blade keel not con- 
spicuous, sheath not keeled Arena flavescens, 

(d) Coiled round, only a little more than 

once — 

with ridges on both leaf- sur- 
faces ; ligule long, hairy on 
backjsmooth-edgedonback Agrostis alba 

ligule short, sheath brownish Alopecurus 

pratensis, 

with adaxial ridges low and Phleiim 
fi att is h, ligule long,laciniate- pratense, 

edged, glabrous. 

thick in section rough-edged, Festuca 
ligule short . . . pratensis. 

(e) Coiled almost twice — 

without obvious midrib, ligule Anthoxanthum 
large with two tufts of hairs odor alum, 

at base 

with distinct midrib, ligule Triticum 
very short . . . repens. 

See “ Pocket-lens Plant Lore,” No. 93-96. 

82. Examine prepared specimens showing the change of 
leaf-form in seedlings from the cotyledons to the mature 
foliage leaf, e.g, in broad bean, pea, lupin, etc. Make line 
diagrams of the various leaf-forms. 

83. Examine and draw a prepared specimen of Acacia 
melanoxylon or other similar species, showing the transition 
from a petiolate compound leaf to a simple phyllode. 

84. On the basis of your own observations write out a 
table of the various leaf- forms, with examfiles and notes on 
the essential and distinctive features of each kind of leaf. 
Add to this table your own method of deciding whether a 
given part of the shoot is a stem or a leaf, however modified. 



CHAPTER VIII 


THE ROOT 

85. Many roots have already been seen by the student in 
previous exercises ; these should be revised at this point, 
using the drawings already made. 

86. Root Hairs. Examine and draw seedlings of Barley 
and Flax which have been grown in a damp atmosphere. 
Note the delicate root-hairs. Make large-scale drawings to 
show the distribution of the root-hairs (Figs. T 279-280). 

87. Root Cap. Examine and draw the loose thimble-like 
root-cap of duckweed (Lemna), Note that it is attached 
only at the tip. Since these root- caps are not worn away 
by friction with the soil, they remain large as seen and arc 
only vestigial parts of the roots, produced because the land 
ancestors of the duckweed had them (Fig. T 278). 

88. Make a diagram on a reduced scale of the very large 
root-cap of the prepared specimen of the root of screw-pine 
{Pandanus), 

89. Note and make line diagrams of the examples supplied 

of tap-root and fibrous root systems (Figs. T 281-284). 

90. Draw carefully the annulated root of ipecacuanha ( Vragoga). 
Cut a thin slice and apply iodine solution. Note the wide starchy 
cortex and the small central dense circle of wood (Fig. T 286). 

91. Examine the tuberous adventitious roots from the 
underground base of the lesser celandine. Compare these very 
carefully with your drawings of the bulbils (tubercles). Note 
that some of these roots have developed adventitious buds near 
the adaxial end and that others have no buds (early spring 
condition). These adventitious buds are not associated with a 
leaf-scar as are the similar but axillary buds of the tubercles. 
Make a large-scale drawing of one root with a bud. 

92. Place portions of the leaves of Bryophyllum, Begonia, or 
Cardamine amara (the bitter cress of gardens) upon moist soil 
and cover with a low bell-jar, or use the simple germinator 
(Fig. 5). Note and draw the development of adventitious roots 
and buds. 

93. Examine and draw the prepared specimen of an orchid 
root, showing young and old tubers (Figs. T 287-288), 

id 



ROOT STRUCTURE 


47 


94. Root of Monocotyledon* Examine a prepared slide of 
T.S. root of Funkia or other Monocotyledon. Make a line 
diagram of the whole section and an accurate high power 
drawing of a part of the section showing cell-detail. 

Note: (1) Piliferous Layer : (2) Exodermis : (3) Cortex 
with a very distinct Endodermis (Fig. 304) : (4) Stele with 
numerous xylem groups alternating with phloem groups, the 
protoxylem (small-celled) being external to the ordinary 
xylem (metaxylem) ; the cells of the stele immediately 
inside tlie endodermis form the Pericycle : (5) The central 
Pith (cp. Fig. 307). 

95. Root of Dicotyledon. Cut transverse sections of the 
root of Buttercup {Ranunculus repens). Mount one section 
in dilute glycerine ; a second in chlor-zinc-iodine ; and stain 
a third with aniline sulphate and then mount it in dilute 
glycerine. Under low power, recognise the same succession 
of tissues as in a Monocotyledon root, noting the following 
differences : ( 1 ) the small number (three to five) of alternating 
xylem and phloem groups : (2) no pith is present ; the large 
vessels of the metaxylem occupy the centre of the section, 
the protoxylem being again exarch or external to the rest 
of the wood. 

Make a line diagram indicating the relative position and 
extent of each tissue present ; and make a high power 
drawing of the stele (cp. Fig. 302). 

96. Examine carefully a main root of the broad bean or 
garden pea, which has produced a number of lateral rootlets. 
Observe that the rootlets occur in from three to five (or in 
the bean rarely seven) rows. Cut a number of thin transverse 
sections of the main root near the lowest of tlie lateral 
rootlets. Mount several sections in water or dilute glycerine 
and look for the initial stages in rootlet formation (see Fig. 
T 306). Make a line diagram to show the relation of these 
root-initials to the protoxylem groups of the wood. 

97. Cut a series of transverse sections of the stem of ivy 

(Hedera) or Ficus repens, in the region of the aerial climbing roots. 
Examine several sections and make a line diagram to show the 
internal (endogenous) origin of these rootlets. Sketch a small 
piece of stem with rootlets to show the distribution of the rootlets 
and leaves (Fig. T 294). * 

98. Examine and draw a prepared section of the aerial root 
of an orchid. Note particularly the velamen, and the passage-cells 
of exodermis and endodermis (see Fig. T 296). 
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99. Examine and make a line diagram of a prepared section of 
the haustorial roots of Cuscuta, or yellow-rattle (Rhinanthus) or 
Bartsittf within the host tissues ; showing clearly in your drawing 
the relation of the tissues of the parasite to those of the host 
(cp. Figs. T 297-301). 

100. Draw carefully several small branches of the prepared 
specimen of beech (Fagm) rootlets enveloped in cxotrophic 
mycorrhiza (Fig. T 291). These may be found by removing the 
dead leaves from depressions around beech trees. 

101. Examine and make a careful H.P. drawing of the outer 
cortical zone of a prepared section of Fagus rootlet to show the 
position of the mycorrhizal fungus with relation to the root 
tissues. 

102. Endotrophic Mycorrhiza. Make a careful H.P. drawing of 
a prepared section to show the mycorrhizal fungal hypha' in the 
root-cells either of Calluna or other ericaceous plant or of Orchis 
mascula or other underground absorbing orchid root. 

103. Study the transition in the vascular system as it passes 
from stem to root in a young seedling of sun flower (Helianthus), 
by means of a series of comparatively thick sections taken one 
after another. A series near the bases of the cotyledons shows 
how the four bundles of each fuse, the central pairs of each coming 
together, and lower down in the stem the adjacent lateral bundles 
of the two cotyledons approximate ; then all four groups pass 
into the ring of bundles in the stem. A similar scries near the 
base of the hypocotyl will show the lateral and outward displace- 
ment of the protoxylem with fusion of the metaxylem groups to 
give a central xylem core, star-points of exarch protoxylem and 
alternating bundles of phloem (rp. Fig. T 309). 

104. On the basis of your own observations write out a 
table showing the real differences between the roots of 
dieotyledons and monoeotyledons, the position of the 
protoxylem, xylem and pldocm in relation to one another 
in the root, and the external characteristics of the root as a 
main axis giving rise only to lateral organs which are 
essentially the same as itself. Add to this table notes on 
the various forms of roots and also your own method of 
deciding whether a given part of the plant is a root or stem 
or leaf, however modified. 
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THE TRANSPIRATION CURRENT AND ASSOCIATED 
PHENOMENA 

The Transpiration Current as expounded in the Textbook 
involves many stages and phenomena from gaseous diffusion 
of water vapour through the stomata of the leaves to 
absorption of water by the root -hairs ; associated with these 
are the selective absorption of inorganic materials in solution, 
the general phenomena of inorganic nutrition, turgor of 
cells, turgeseent rigidity of plant organs and many other 
points in the physiology of the plant in relation to water. 
Although these may be discussed logically from the root- 
absorption upwards to the leaf, another possible method of 
approach is the one adopted here, beginning with the 
demonstration of actual transpiration or loss of water 
vapour by the leaf and proceeding downwards towards 
earlier phenomena and fundamental causes of the effects 
observed. 

Loss of Water Vapour 

105. Place a leafy plant growing in a pot in an aluminium 
shell and cover with sheet rubber, leaving only the leafy 
shoot outside the waterproof chamber thus formed. Cover 
the whole with a bell-jar, leave overnight and note the 
condensation of water on the inner side of the bell- jar. A 
control bell-jar witliout a plant will show little or no 
condensation of water at any time. The loss of water, as 
water vapour, by the leafy shoot is therefore indicated. 

106. Water loss through Stomata. Choose a leaf in which 
the stomata are confined to the under surface, e,g, lilac, 
cherry-laurel or other laurels ; affix closely to both under and 
upper surfaces pieces of blue cobalt paper. Leaf-clasps 
specially designed to give a close application of the paper to 
the leaf surfaces should be used.^ It will then be found 

^ Those designed by the writer and figured are supplied by Messrs. 
Robinson, Nelson & Co., Manchester. 

4fl 
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that the paper on the under surface turns pink, i,e, becomes 
moist, within half an hour, while the other remains blue. 

107. Loss in Weight. Select a pair of similar large leaves 
growing on a bush, e.g. from the larger laurels, such as cherry- 
laurel, Ficus elastwa, or other type with stomata only on one 
surface ; cut them off and seal the cut ends by dipping them in 
melted hard paraffin ; attach threads for suspension to the 
stalks. Weigh each leaf carefully. Hang the two leaves up in a 

dry dark place for two 
hours ; weigh again and 
note loss of weight. 
Now smear tlie under 
surface of one and the 
upper surface of the 
other very thoroughly 
with vaseline, and 
weigh. Hang the two 
leaves up again in the 
same place for four or 
more hours; weigh 
again and note loss of 
weight if any. The leaf 
vaselined on its under 
surface will show little 
loss in weight, while the 
loss from the other leaf 
will be comparable with 
that during the first 
two hours. It may be 
more, but for various 
reasons it may be less 
during the second and 
longer period. 

108. Air Canals. The need for sealing the cut ends to prevent 
evaporation from that part will be quite clear, if another leaf be 
fixed in an air-tight manner into the stopper of a bottle of water 
so that the cut end of the leaf-stalk dips below the surface of the 
water and suction be applied to the air above the water by means 
of a glass tube attached to a filter-pump. When the suction is 
applied a continuous stream of air-bubbles is seen coming from 
the cut surface of the leaf-stalk, showing that there is a continuous 
air-passage from the external air through the stomata and down 
the leaf-stalk. 

109. Pocket-lens observations on a thin slice of 
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rhododendron leaf-stalk will demonstrate these petiolar 
air-spaces quite clearly. Ranunculus ficaria, Arum macu- 
latum, and many other leaves will show the same pheno- 
menon. 

110. Loss of Weight, That there is an actual loss of weight 
by the loss of water vapour has already been demonstrated in 
Ex. 107. This loss of weight can be followed over a long period, 
if a leafy plant in a small pot be arranged as in Ex. 105, and 
weighed at daily intervals. The plant should be well watered 
before commencing the experiment, which should be stopped 
whenever the leaves show signs of wilting or becoming flaccid. 

111. The loss of weight from a known area of leaf surface should 
be compared with that by evaporation from a known area of 
free water surface. A shallow dish such as the half of a deep 
Petri capsule, should be used for the free water. The leaf surface 
is best attached to a living rooted plant ; for this purpose a small 
potted plant with more or less uniform leaves is most suitable, 
e.g. Pelargonium. The plant is arranged as in Ex. 105, and 
weighed at intervals of twenty-four hours. The transpiring area 
is then calculated as the total area of all the under-surfaces of 
the leaves, and the total loss in weight for each interval is reduced 
to loss in weight per square centimetre. The loss by evaporation 
in the case of free water is also reduced to loss per square centimetre 
for the same interval of time. If suitable potted plants are not 
available, freshly cut leafy twigs may be used for one period of 
twenty-four hours arranged in a Farmer’s potometer (see below, 
Ex. 113.) The cut ends should be recut after each period 
and fresh initial weighings taken, when a severed leafy shoot 
is used. 

112. The effects of structural arrangements for the control of 
transpiration are considered in Chapter XXIX, but bloom or the 
waxy covering of certain leaves can be removed, thus giving 
a good opportunity of experimentation. The most suitable 
material is furnished by well-grown carnations, but various 
species of Echeveria and Crassula are also suitable. In the case 
of carnations, a branch having a number of large leaves with 
well-developed bloom is removed carefully. Two similar leav^es 
are cut off, the cut ends being sealed by dipping in melted liard 
j)araffin. Care must be taken that no bloom is rubbed off. A 
thread is tied round each leaf, tlien they are weighed and hung 
up in a dry, dark place for twenty-four hours. The loss of weight 
is noted ; then the bloom is removed from one leaf with cotton- 
wool and warm water. After the surface of this leaf has dried 
at air temperature, both leaves are weighed a,pd again hung up 
for twenty-four hours. The difference in loss of weight for the 
second period gives a measure of the protective controlling action 
of the “ bloom.” 
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ABSORPTION OF WATER BY LEAFY SHOOT 

113. Potomcter.^ Set up a leafy shoot (which has been 
cut under water) in a Farmer’s Potometer (see Fig. T 321). 
Determine the rate at which water is absorbed by the leafy 
shoot. The meniscus M should be brought to a point slightly 
beyond one of the main graduations of the scale, and the 
time taken for it to pass from that graduation to the next, 
say for 1 or 2 cm., should be noted. The meniscus should 



Fig. 9 . — Edney Baro-Thermo-Hygrograph. 


then be returned to the original point and the measurement 
repeated at least three times. The values obtained should 
not vary beyond narrow limits, showing that the rate of 
absorption under constant conditions varies but little. 

The distance travelled by the meniscus in a given period 
of time, say, ten or fifteen minutes, may also be used as a 
measure of water-absorption, but, unless the same part of 
the capillary tube A is used for each time interval, the results 
are not as strictly comparable as in the first method, on 
account of variation in the internal diameter of the capillary 
tube. 

^ See Appendix II. for Potometer notes. 
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In these potometer experiments and all others where 
external conditions are effective factors, it is a great 
convenience to have an Edney Automatic-recording Baro- 
Thermo-Hygrograph in position. The record given by this 
instrument (Fig. 9) enables any effective variation during 
the experiment in barometric pressure, temperature or 
atmospheric humidity to be detected, and considered in 
relation to the results obtained. 

Absorption and Transpiration, 

114. Arrange a leafy twig and potometer as in Ex. 118, 
having previously calibrated the capillary tube so that you 
can calculate from the scale-readings the actual volume of 
water absorbed. Weigh the whole apparatus and place it 
in a warm, well-lighted situation with good ventilation. 
Take a series of scale-readings, returning the meniscus to 
the distal end of the tube after each period of absorption. 
Continue this series for two hours and calculate the total 
volume of water absorbed. Weigh the whole apparatus 
again. The change of weight in grammes is approximately the 
same as the water-absorption in cubic centimetres. The rate 
of water-absorption can, therefore, he used as an approximate 
measure of the rate of actual transpiration or loss of water. 

Wind and Transpiration. 

115. Arrange a leafy twig in a potometer as before and take 
notes of the rate of water-absorption until the absorption is 
stabilised and the rate becomes steady. Place an electric fan 
about 6 feet away from the apparatus, so that the current of air 
developed impinges upon the leaves. Note the consequent 
changes in the rate of transpiration as measured by the absorption 
rate. This may increase largely with a moderate current of air ; 
it may increase only slightly, or even decrease, with a really 
strong wind, which produces secondary effects upon stomatal 
apertures. 

116. Light and Transpiration, (a) Using the same 
arrangement as above. Ex. 115, expose a stabilised twig and 
potometer to direct s\inlight. Note the rate of absorption 
until it is constant and then fix an opaque screen of three-ply 
wood or stiff cardboard so that the twig is shaded from one 
side only. The transpiration rate will show a distinct fall. 
Complete screening might alter the hunfidity conditions of 
the air around the leaf, but shading with a flat screen on 
only one side leaves these conditions unaltered and 
demonstrates the effect of light as such. 
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(b) Further darkening, giving more marked depressions, 
can be obtained by arranging two large glass plates at the 
sides of the potometer with a narrow roof joining the upper 
edges. The electric fan is then used to get a steady current 
of air through the tunnel. When this is secured, the twig 
can be exposed to sunlight under the tunnel or to very dim 
light by covering the glass with a large sheet of black paper. 
The Baro-Thermo-Hygrograph should be placed within the 
tunnel to check any variations of conditions. 

117. An Artificial Twig. That transpiration is very similar to 
evaporation from a porous surface may be demonstrated by 
using an unglazed porous porcelain pot (about 8 cm. long and 



Fig. 10. — Imbibition Apparatus. 


4 cm. diameter), attached by means of a rubber stopper to a 
10 cm. length of glass tube, filled with water, and substituted for 
the leafy twig in the potometer arrangement of the above 
experiments. Using this apparatus as a modified atmometer,^ a 
considerable degree of similarity may be demonstrated between 
evaporation and transpiration so far as wind action is concerned. 

118. Imbibition. The internal evaporating surface of the 
leaf must be kept moist, and this involves the outward 
passage of water through the cell-walls against an osmotic 
or suction pressure. The force of imbibition which is brought 
in here as an explanation can be studied most readily using 
small seeds in an imbibition apparatus as figured (Fig. 10). 
This does not furnish quantitative data of the upper limits 
of imbibitional force, but the work done by a few mustard 
seeds in swelling as they imbibe water is sufficient to give 

^ See “ The Plant in Relation to Water,” by N. A. Maximov, London, 
1929. 
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the student some idea of the average values. Actual results 
obtained by students vary from 88 to 172 gm. cm. for 
twenty-four hours with 1 gramme of seeds like those of the 
turnip and mustard. 

119. (a) Higher imbibition values than those in Ex. 118 may 
be obtained by using a cylinder ^ of dry canary-wood or deal, 
inserted instead of seeds in the same apparatus, and substituting 
a 28 lb. weight for the 2 kg. weight which is used for seeds. 

(b) That energy is freed during imbibition may be shown by 
stirring together dry starch powder and water with the bulb end 
of a thermometer. As the starch absorbs the water the 
temperature rises. 

120. Negative Pressure and Leaf-pull, (a) Arrange a leafy 
shoot in a vertical glass tube with water over mercury (see 
Fig. T 319). Note the extent to which mercury rises. This 
measurement, which should be made in millimetres after an 
interval of one or two days gives evidence that the leafy 
shoot can exert a “ positive pull ” upon the water in the 
tube. This “ pull ” is correctly described as negative 
pressure. 

(b) The corresponding pull of an artificial twig, see Ex. H7, 
should be determined. Its strength depends largely on the small- 
ness of the pores in the pot used. 

121. The leaf-pull brings the column of water in the stem into a 
condition of tension. The following experiment should be done 
on a warm dry day. Choose a flexible stem with leaves actively 
transpiring ; young plants of broad bean or sunflower, or rather 
thin shoots of Jerusalem artichoke, are suitable. Keeping the 
plant with the roots attached to the stem, bend the stem below 
the surface of eosin solution in a flat dish. Keeping the part to 
be cut carefully submerged, cut the stem across with a sharp 
knife. The eosin solution is drawn into the cavities of the wood 
vessels in both directions, towards the root and towards the stem 
apex. The distribution of eosin staining should be examined and 
noted as a longitudinal diagram of each part of the plant. 
Microscopic preparations (combined with pocket-lens observa- 
tions) should be used. The completed diagram will prove clearly 
that a leafy shoot shows negative pressure along the xylem of 
the stem. 

A similar experiment with cacao-butter coloured with eosin 
yields a very interesting series of cross-sectioift after the fat has 
solidified in the cavities of the vessels. Tracheids are then 

^ This cylinder should be 2-5 cm. diameter and 4 cm. long and cut 
80 that the grain runs with the thickness, not with the length. 
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distinguished from tracheae by the different lengths which are 
filled with the coloured fat. 


OSMOSIS 

122. Thistle-funnel and Parchment. Arrange a parchment 
membrane and thistle-funnel with 10 per cent, sugar solution 
over water as in Fig. T 315. Take a note of the height of 
the sugar solution above the water-level every half-hour for 
as long a period as is suitable. This will depend on the 
membrane itself and on the way in which it is attached to 
the thistle-funnel. 

A rise of solution in the stem of the thistle-funnel is 
explained as due to osmotic pressure (see Textbook, pp. 121- 
123). A subsequent fall may occur, which is explained 
by passage of sugar through the membrane and a consequent 
decrease in the difference of concentration on the two sides of 
the membrane. A slowing down of the initial rate of rise 
is explained by the dilution of the sugar solution as water 
passes through the membrane. 

123. Traube’s Cell. Prepare carefully a solution of 
potassium ferrocyanide by dissolving 1 gramme of that salt in 
100 c.c. of distilled or soft tap water. Select a clean crystal 
of copper sulphate about 1 cm. long ; attach the crystal to a 
support by a thin thread and suspend it near the top of the 
ferrocyanide solution in a small beaker. The successive 
solution of the copper sulphate, formation of a copper 
ferrocyanide membrane, the bursting of the cell so formed 
(with bluish contents and thin brown wall), the formation 
of a further membrane around the escaping internal solution, 
and so on leads to the development of a number of root-like 
structures. The process is slow enough to allow of 
observation of all stages and continuous enough to make the 
demonstration interesting for at least fifteen minutes. 

Stronger solutions of ferrocyanide are not suitable for 
copper sulphate. 

124. Diffusion and Osmosis. Prepare (1) a tall glass 
cylinder filled with water to within 5 cm. of the top, (2) a 
wide-bore tube with a parchment membrane and a beaker as 
for Ex. 122. Prepare also 200 c.c. of 10 per cent, copper 
sulphate solution and 100 c.c. of 50 per cent, sugar solution. 
With a pipette carefully introduce about 10 c.c. of the copper 
sulphate solution into the cylinder of water, so that the blue 
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solution remains at the bottom of the eylinder. Leave this 
quite undisturbed. Place the sugar solution in the wide-bore 
tube and immerse the parchment end in the remainder of the 
copper sulphate solution contained in a beaker of 250 c.c. 
capacity, supporting the wide-bore tube vertically. Compare 
the time taken for tlic blue colour to appear (1 ) in the upper 
layers of the fluid in the cylinder, where diffusion alone is 
acting, and (2) in the osmotic apparatus where osmosis and 
specific-gravity convection currents are acting. Protoplasmic 
circulation in the cell may take the place of these currents. 

N.B. — The demonstration that the copper sulphate 
actually passes through the membrane only by diffusion and 
not by osmotic flow is an advanced problem of considerable 
complexity, and even research results of this kind are rare. 

125. Osmotic Turgescence. In some of the lower plants, 
c.g. conidiophores of fungi, erect branches of sub-aerial 
algae, no mechanical supporting tissue is present and 
differential turgidity (see Ex. 126) is also absent. Erectness 
or rigidity then depends upon osmotic turgidity ; the 
outward pressure of the internal solution against the inward 
})ressure of the stretched containing wall gives a certain 
degree of rigidity. This phenomenon can be demonstrated 
by means of turgeseent osmometers. 

(a) A turgeseent osmometer can be made by fitting a length of 
parchment tube with rubber stoppers, through one of which is 
placed a glass tube with a turn-tap and through the other a 
wide glass-tube with a small rubber stopper. The parchment 
has, however, a considerable rigidity, and osmotic turgescence 
is better shown by proceeding as follows ~ 

(b) Obtain a bottle of ordinary flexile collodion ^ ; clean a 
test-tube of at least 1-25 cm. diameter; when the test-tube is 
thoroughly dry, fill it with the collodion, then pour as much as 
possible back into the bottle, turning the test-tube as you pour. 
Set the tube aside for fifteen minutes or longer, until the collodion 
film inside ceases to be sticky ; fill it with water and leave it for 
at least one hour immersed in water. The collodion film can 
then be separated very carefully from the glass-tube in the form 
of a long sac, by letting water from the tap run gently between 
the film and the inside of the test-tube. Prepare a piece of 
rubber pressure-tubing, about 3 cm. long and qf such a thickness 
that it can be inserted easily into the test-tube. Pass the stem 
of a very small glass funnel through the stopper prepared in this 

^ This is supplied by retail chemists, and is the flexile collodion of 
the 1914 British Pharmacopoeia. 
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way. Remove the collodion sac from the test-tube, place the 
top end around the rubber-stopper and tie it carefully with tape. 
Wire or thin string tends to cut the collodion. 

Empty all water from the sac and pour in, by means of the 
funnel, sulTicient of a 40 per cent, solution of cane sugar to make 



Fio. 11. — Turgescent Osmometer. A, Flaccid. B, In Water. 
C, Turgescent. 


the sac about two-thirds full. The sugar solution should be 
previously coloured strongly with eosin or other dye. Replace 
the funnel by a piece of capillary-bore glass-tubing of similar 
outside dimensions and at least IJ metres long. Place the 
collodion sac in a wider tube, about 4 cm. diameter, filled with 
water and observe during half an hour (see Fig. 11). Flexile 
collodion is quite waterproof and nothing happens. Remove the 
sac from the water and dip it repeatedly into a wider tube of 
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95 per cent, alcohol, until the cloudiness disappears from the 
lower three-quarters of the collodion sac. The alcohol dissolves 
out the castor oil which makes the sac impermeable ; and thus 
converts it into a semi-permeable membrane. 

Replace the sac in the tube of water and make a series of 
observations. Note the entry of water which makes the sac full 
and quite turgid, so that it can support its own weight in a 
horizontal position (Fig. 11, A, C). Note the leakage of dye and 
sugar even while the coloured column is rising in the capillary 
tubing above. Note the maximum height reached in a few hours, 
followed by a gradual fall as the leakage brings about an 
equilibrium quickly on account of the small volume of outside 
water. Replace the first outside tube with another containing 
pure water and observe the consequent rise in the column (Fig. 
11, B). Finally remove the capillary tube from the sac and try 
to blow the aqueous solution out of the narrow bore. This will 
give you some human idea of the force which has been exerted 
by the thin collodion sac, with its contents, in producing osmotic 
turgescence and in raising the column of solution many centi- 
metres. 

126. Observe the apparatus set up according to Ex. 125 
as a demonstration experiment and take full notes concerning 
what you can see. 

127. Differential Turgidity. The herbaceous stem of 
higher plants maintains its rigidity by means of a more 
elaborate mechanism than that demonstrated in Ex. 125. 

(a) Measure carefully a piece of Rhubarb petiole about 30 
em. long. Remove the whole of the skin, retaining the full 
length in at least two strips. Measure the length of the 
succulent core and the length of each of the two strips of 
skin. The rigidity of the stalk is due to the stretching of 
the skin and the eontraetion of the central tissues, while 
they are attached in their normal positions. The lengths, 
wlien these tissues are freed, depends in part upon the 
osmotic turgescence of Ex. 125. 

(b) The cylinder of skin in the Rhubarb petiole is complete, 
but if this continuity be broken by cutting the petiole into 
longitudinal strips, the inner tissues will swell and the skin 
contract, so each strip curves outwards. 

(c) The same curvature as in (b) occurs with many 
herbaceous stems cut at one end into four or more strips. 
The dandelion scape, the broad bean stem, the sunflower 
hypocotyl are all examples in which the curvature is increased 
by immersing the cut stems in water. 
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Plasmolysis 

128. A turgescent osmometer prepared as in Ex. 125, but 
fitted with a solid glass tube as a stopper instead of a long 
capillary tube, can be made turgid by immersion in pure 
water or flaccid by immersion in the original strong sugar 
solution. In the flaccid condition it may be said to be 
“ plasmolysed.” 

129. The term “ plasmolysis ” is more strictly applied to 
the cytoplasmic sac in the living cell. In the normal con- 
dition the cytoplasmic film is pressed against the cell wall, 
but, if the cell be immersed in a solution of higher osmotic 
strength than the cell sap, this film may be forced inwards 
away from the wall. The cell is then said to be 
“ plasmolysed.” 

Any suitable material may be used, such as cells with 
coloured sap, e,g, beetroot, saxifrage epidermis. The 
material is mounted in water under a cover-slip, noted 
under the microscope and then irrigated with a strong 
osmotic solution, such as 20 per cent, cane sugar, or 5 per 
cent, sodium chloride or 5 per cent, potassium nitrate. 

130. Deplasmolysis. In order to be sure that the 
cytoplasmic contraction observed is not due to injury and 
death, it is necessary to obtain a reversal of the phenomena 
observed in Ex. 129. If the cells are living but plasmolysed, 
the cytoplasm will recover its normal position when the 
material is transferred from the strong solution to plain 
water, by irrigation or otherwise. This process is known 
as deplasmolysis ; a cell which can be plasmolysed and 
deplasmolysed is still alive. 

131. Macroscopic observations should be made upon the apical 
2 cm. of small roots or upon 4 cm. lengths of tissue cut from a 
rhubarb petiole. Such material becomes flaccid after immersion 
for several minutes in 5 per cent, potassium nitrate or sodium 
chloride. This is tissue plasmolysis. It recovers and becomes 
turgid again after a slightly longer time of immersion in plain 
water. The deplasmolysis or recovery shows that the tissue is 
still alive. 

Measurement of Osmotic Pressure 

132. The curvatures observed in Ex. 127 (c) can be utilised 
for an approximate measure of the osmotic pressure of the 
cell sap in the tissues concerned. Strips of dandelion scape or the 
hypocotyls of sunflower and Ricinus are used. These curl or 
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curve naturally. The dandelion scape is best because it yields 
spirals which can be cut until the normal curvature in air gives a 
complete circle, neither open nor overlapping. A ring placed in 
plain water curves more and overlaps ; immersed in strong 
solution it curves less and the ring opens. An intermediate 
solution can be found, by a series of trials, in which the ring 
assumes the normal position in air, i.e. a complete ring, neither 
more nor less. The strength of this intermediate solution 
corresponds roughly in osmotic pressure to the ‘‘ effective osmotic 
pressure ” of the solution in the cells. 

(a) Using dandelion scape as material and a series of solutions 
of KNO 3 ranging from 0 05 molar ^ to 0-20 molar, determine the 
“ effective osmotic pressure ” of the cell sap. 

(b) Using material from the same source and a series of 
solutions of cane sugar (Ci 2 H 220 i^) ranging from 010 to 0*25 
molar, determine the “ effective osmotic pressure ” of the cell 
sap. 

133. Microscopic observations of the presence or absence of 
plasmolysis (see Ex. 129-130) may be used for the same purpose 
as the macroscopic method given above. The material should 
fulfil two conditions : ( 1 ) the tissue observed must not be injured 
to any significant degree ; ( 2 ) the cells observed should have 
coloured sap so that any trace of separation of the cytoplasm 
from the wall may be seen. These conditions occur in easily 
stripped coloured epidermis and in many epidermal hairs. 

(a) Using any suitable material and a series of solutions of 
cane sugar ranging from OTO to 0-25 molar, determine the 
“ effective osmotic pressure ” of the cell sap. In order to obtain 
an average value the number of definitely plasmolysed cells 
should be counted in a field covering about 50 cells. The critical 
strength of sugar solution is then that in which half of the cells 
are plasmolysed and the other half are not plasmolysed. A time 
factor may enter into the experiment, but observations after 
immersion of the tissue for twenty or thirty minutes should be 
used, the same time being allowed in each solution. 

(b) Repeat your observations using similar material and a 
series of solutions of KNO3, ranging from 0 05 to 0-20 molar. 

134. Isotonic Coefficients. Since the osmotic pressure of a 
substance in solution depends upon the number of ions present, 
it follows that a non-ionising substance like sucrose exerts a 
smaller osmotic pressure in solution than is exerted by a readily 
ionised substance such as potassium nitrate in the same molecular 
concentration. The results of Exs. 132-13§ give molar con- 
centrations which are comparable in their action upon tissues 
or cells, i.e. the molar concentrations found are isotonic with the 

^ Molar = gramme-molecules per litre, and is calculated from the 
molecular weight in grammes. 
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plant materials and therefore with each other. A quantitative 
expression is obtained if KNO 3 l)c taken as a unit and given the 
arbitrary value of 8 0 ^ ; then from Kxs. 182 -188 we can calculate 
the Isotonic Coefficient of sucrose thus — 

Observed molar cone. KNO 3 _ I.C. sucrose l.C. sucrose 
Obs. molar cone, sucrose I.C. KNO 3 3 

This value is slightly less than 2 0 .* 

Other methods of dealing with osmotic pressures and isotonic 
coefficients will be found in Chapter XXV. 


SUCTION PRESSURE 

The normal cell has an extensible elastic wall, which 
when distended exerts a certain inward pressure upon the 
contents, tending to squeeze out the water of the sap. The 
actual pressure or suction which draws or tends to draw 
water into the cell is therefore the resultant of (1) the 
effective osmotic pressure of the cell-contents tending to 
pull water in and (2) the pressure exerted by the distended 
wall (turgor pressure), which tends to squeeze water out. 
Briefly S = P® — W, where S is the suction pressure, is the 
effective osmotic pressure and W is the wall pressure. As 
this resultant suction pressure is normally different from the 
osmotic pressure of the sap and as it is tlie real factor which 
brings water into the plant, the student shoidd know how 
the suction pressure of a tissue may be determined. 

135. The Molz Method. The tissue to l)c investigated should be 
as nearly homogeneous as possible, e,g. epidermis peele<l from a 
bulb-scale or part of the cortex or pith of a herbaceous stem. 
Potato tuber is not very suitable for this method, as applied by 
students. The tissue is placed in pure liquid paraffin for at least 
one hour, on a slide with a well and covered with a cover-slip. 
It can be left for several hours. Sections are made, if necessary, 
and short strips about 1 to 2 mm. in length are cut, and the length 
accurately measured under the microscope; see Ex. 892. The 
paraffin is removed gently by means of dry filter paper and the 

^ De Vries took as the original unit for isotonic coefficients one- 
third of the attraction for water of a molecule of potassium nitrate in 
dilute solution. 

* A useful table of isotonic coefficients is readily available on p. 106 
of “ Permeability,” by W. Stiles (N. P. Heprint, No. 18). Advanced 
students should at this point read carefully CWpter IX of that valuable 
treatise. 
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pieces are irrigated with cane sugar solutions of appropriate con- 
centrations, e.g, 010 to 0-30 molar or stronger, and the slides with 
cover-slips enclosed in Petri capsules to prevent evaporation. The 
stock solutions should be stored in small stoppered bottles or tubes 
so that they may not become more concentrated by evaporation. 
The osmotic pressure of the sugar solution in which the length 
of the tissue strip remains unchanged corresponds to the suction 
pressure of the tissue. The following table includes a short range 
from the more extended data given by Molz (Amer, Jour, Bot,, 13 , 
p. 433) 


Molar 

Concentration. 
Sugar Solutifm. 

Osmotic Preasure 
at 20^ C. in Atmos. 

Molar 

Concentration. 
Sugar Solution. 

Osmotic Pressure 
at 20" C. in Atmos. 

005 

13 

0-30 

8-1 

006 

1*6 

0-31 

8*4 

007 

1-9 

0 32 

8-7 

008 

21 

0 33 

90 

009 

2-4 

0*34 

9-3 

010 

2-6 

0-35 

9-6 

Oil 

2-9 

0-36 

9-9 

012 

3-2 

0-37 

10-2 

013 

! 8*4 

()-38 

10-5 

014 

3-7 

0*39 

10*8 

015 

40 

0*40 

111 

01 6 

4-2 

0-41 

11-4 

0*17 

4-5 

0*42 

11-7 

018 

4-7 

0*43 

121 

019 

50 

0-44 

12-4 

0*20 

5-3 

0-45 

12-7 

0-21 

5*6 

0-46 

130 

0 22 

5-9 

0-47 

13 3 

0-23 

61 

0-48 

13-7 

0*24 

6*4 

0-49 

140 

0*25 

6*7 

0-50 

14 8 

0-26 

70 

0-60 

17-8 

0-27 

7*3 

0*70 

21*5 

0*28 

7-5 

0-80 

25-5 

0-29 

7*8 

0-90 

^ 29-7 


Further experiments will be found in Chapter XXV, see 
particularly Ex. 892. 
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PATH OF THE ASCENT OF SAP 


136. Ek>sin. In Ex. 121 details are given of two methods 
by which the sap can be demonstrated as passing up the 
cavities of the vessels. Further work on these lines can be 
done. Choose a healthy herbaceous plant, such as groundsel 
{Senecio vulgaris) or cabbage seedlings ; cut the root off near 
the top and stand the shoot in water coloured with eosin 
for several hours. Then cut a number of transverse and 
longitudinal sections from the base, the middle and the 
top of the stem. Near the upper limits of staining the 
eosin will be found only on the inner surface of the xylem 
elements. 

137. Compression. Set up a jK)tometer (Ex. 113) with a 
leafy woody shoot, e,g. privet branch. Determine the rate 
of absorption in the usual way. Now arrange the lower 
part of the branch in a small vice or betwx'en the two pieces 
of metal forming the inner part of an ordinary screw-clamp. 
The part of the stem to be compressed should be thickly 
covered with vaseline. Apply pressure by means of the 
screw until the potometer meniscus slows or ceases movement. 
Release the compression and note the recovery in absorption 
shown by the shoot. 

The compression must be continued for a longer period 
to obtain wilting of the leaves and subsetpient recovery (see 
Textbook, p. 127). 

Passage across Root Cortex 

The water in the xylem must have passed across the cortex 
of the root. This stage may be investigated by means of the 
following experiments. 

138. Potato Osmometer. Choose an elongated potato 
tuber ; cut each end flat and make a boring in the centre 
reaching more than half-way down (Fig. 12). Place this 
potato osmometer in a dish with suflieient water outside to 
reach a little above the level of the bottom of the hole inside. 
Pour into the hole a small quantity of 40 per cent, sugar 
solution and mark the level of the solution by sticking a 

! >in into the tissue. Set aside for two hours and note the 
evel again. It should be at least a centimetre above the 
original level. The actual rise can be measured by sticking 
another pin in at the second level, cutting the osmometer 
open and measuring from the first to the second pin. 
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indicating the presence of hydrogen. As the gases pass through 
the baryta water barium carbonate is precipitated, indicating 
the presence of carbon. 

145. Tests for Nitrogen, Sulphur and Chlorine 

Using about 0-5 gramme of the dry powdered material, heat 
gradually to redness in a test-tube with a piece of clean sodium 
metal. Plunge the hot tube into ,50 e.c. of water contained in a 
porcelain basin of at least 200 e.c. capacity. Boil the resulting 
mixture of broken glass etc. gently, and filter off the aqueous 
extract. Repeat the extraction with 20 e.c. of water ; filter and 
mix with the previous filtrate. In the aqueous extract — 

Nitrogen may be detected thus : to 2 c.c. of the filtrate add 
one drop of caustic soda solution and five dfops of a solution of 
ferrous sulpliate and ferric chloride (0*5 per cent, each) ; boil ; 
cool ; acidify with hydrochloric acid. A blue colour, ferric 
ferrocyanide Fe 4 (FeC'gN 0 ) 3 , indicates the presence of nitrogen. 

Sulphur may be detected thus : add a drop of lead acetate 
solution to 2 c.c. of caustic soda solution (10 per cent.) ; heat 
until clear ; add this to 2 e.e. of the filtrate. A black precipitate 
of lead sulphide indicates the presence of sulphur. 

Chlorine may be detected thus : acidify 2 c.c. of the filtrate 
strongly with nitric acid ; boil for two minutes to destroy 
cyanides and sulphides ; add a few drops of silver nitrate solution. 
A white precipitate of silver chloride indicates the presence of 
chlorine. 

146. Test for Phosphorus. Melt in a porcelain crucible about 
1 gramme of a mixture of equal parts of pot^issium carbonate and 
potassium nitrate ; carefully add 01 gramme ()f dry powdered 
material ; heat until effervescence ceases ; cool ; add 10 c.c. 
water ; boil ; filter ; acidify with strong nitric acid ; add 
ammonium molybdate solution and warm. A yellow precipitiite 
of ammonium phosphomolybdate indicates the presence of 
phosphorus. 

147. Heat a weighed quantity of the dried material in a crucible 
of known weight until all charring ceases and the residue is nearly 
white when cool. Weigh this residue and calculate the percentage 
of inorganic matter in the original fresh plant material. 

Tests for Calcium, Potassium and Magnesium 

148. This residue may be examined for calcium and potassium 
by holding a little of the substance in a Bunsen flame on a 
platinum wire. 

Calcium gives a dull brick-red flame and potassium gives a 
violet flame which can be seen in the presence f>f calcium by 
looking through a piece of deep blue glass. The small sj>ectroseoj)e 
may also be used to see the bluish-green and orange lines of 
calcium together with the distinctive red and indigo-blue lines of 
potassium. Magnesium should be separated as magnesium 
aimnonium phosphate in the usual way. 


3— fl 
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TRANSPIRATION CURRENT 
Essential Elements 


The presence of the elements demonstrated in Exs. 144~ 
148 does not mean that all of these are necessary for the 
healthy development of the plant. The effects produced by 
the lack of various elements can be investigated by means 
of water cultures or sand cultures. The former are more 
suitable for students’ use, since sand cultures require more 
time and attention, both in preparation and in care 
afterwards, than the student is likely to have at his disposal. 

149. Using such seedlings as may be available (e.g., barley, 
wheat, pea, maize, sunflower), prepare eight water culture jars as 
follow's : — 

A. One litre containing the following pure salts : - 


Calcium nitrate . . . . .10 gramme 

Potassium nitrate . . . . . 0-25 ,, 

Magnesium sulphate . . . . 0*25 ,, 

Potassium phosphate . . . . 0-25 ,, 

Potassium chloride ..... 012 ,, 

Ferric chloride or ferrous phosphate . . a trace 


B. Lacking nitrogen : 1 litre with sulphates substituted for 
nitrates. 

C. Lacking phosphorus : 1 litre with chloride substituted for 
phosphate. 

D. Lacking sulphur : 1 litre with phosphates substituted for 
sulphates. 

E. Lacking calcium : 1 litre with potassium substituted for 
calcium. 

F. Lacking potassium : 1 litre with magnesium and calcium 
substituted for potassium. 

G. Lacking magnesium : 1 litre with calcium substituted for 
magnesium. 

IL Lacking iron : 1 litre with all iron salts omitted. 

Fit over each jar a cork cover with a support for the seedling, 
the roots of which are passed through a central hole in the cork. 
Fit also a piece of glass tubing through a second hole in the cork. 
Aerate the solution in each jar daily by blowing air through the 
glass tul)e. Observe and record the relative growth, development, 
and colour of the seedlings. The seedlings should l)c exposed to 
full daylight. Before completing the experiment, see Ex. 151, 
also Ex. 176. 

150. Repeat the above experiment using the eight solutions 
A to H, in large Petri dishes, and beginning with ten similar plants 
of Lemnn in each dish. Drawings and other records of the results 
should be made at least twice weekly for four weeks. In this 
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case the closed Petri capsules should be exposed to full daylight 
in a cool place. Aeration of the solutions is not necessary, if 
the lids are removed for one hour daily. 

151. Selective Absorption. The careful quantitative methods 
which are required in order to follow the absorption by the 
plants of certain elements or ions in greater quantity than others 
is beyond the scope of this book. Some idea of the selection 
exercised may be obtained by comparing the chemical composition 
of an average soil with that of an average plant. 

The student can, however, make an approximate analysis of 
the residual solution and deposit in the normal jar A of Ex. 1 tO, 
using precipitation and gnivimctric methods for calcium, 
magnesium, sulphate, phosphate, and chloride. If these values 
be subtracted from the total dry matter and the remainder 
assumed to be potassium nitrate, the selective absorption from 
the quantities originally supplied will be indicated roughly. 

It should be noted that the use of certain substances rather 
than others in the building uf) of the plant here takes the place of 
the specific gravity convection currents observed in Ex. 124. 



CHAPTER X 


CARBON ASSIMILATION 


The first points to be investigated in the study of carbon 
assimilation arc those involved in the two equations 

(1) (6 CO^ + 5 H,0), = (CeHioO,), + 

starch 




With light and chlorophyll = photosynthesis (cndotherniic) 

~ — > 


6 CO2 + 6 H 2 O nzr + 6 O 2 

+ 673,800 calories sugar 

^ — 

respiration (exothermic) = in dark with catalysts. 

Since the starch of equation (1) is more readily made 
evident than the sugar of equation (2), the student should 
study the methods of detecting starch in green leaves. 


STARCH TESTS 

152. Sach’s Iodine Method. Take a green leaf ; dip it 
into boiling water for about one minute in order to kill the 
tissues and allow of easy extraction of the green substance. 
Immerse the leaf in alcohol until it is decolorised ^ ; then 
transfer the leaf to an aqueous solution of iodine and 
potassium iodide.^ The blue-black colour of starch iodide 
indicates the presence of starch ; this colour is discharged 
by strong alcohol, but reappears on dilution of the medium 
witli water. The relative darkness of the coloration gives 
a rough measure of the amount of starch present. 

153. Schimper^s Method. Mount a few leaves of Elodea 

^ The alcohol may, if necessary, be warmed by placing the dish in 
hot water for twenty to sixty minutes or over a steam or hot water 
radiator, or on an electric stove, but heating with or near a naked dame 
is not recommended on account of the danger with student-manipulation. 

* Iodine 1 per cent., KI 0*5 per cent, in water. This solution may be 
diluted. 
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or other small water-plant in Chloral Iodine,’ and examine 
at intervals under the microscope. Note the clearing of the 
tissues and the distribution of the stained starch. 

154. Starch-free Lieaves. The development of starch 
under experimental conditions should be studied in leaves 
which are free from starch when tlie experiment is started. 
Using any suitable potted plants or jars with water plants, 
e.g. pelargonium or Elodea ; place one plant as a control in 
the best light available and the other in the dark. Test one 
leaf from each plant for the presence of starch after 24, 48, 
72, and 96 hours. The starch will be found to disappear 
almost or quite completely after 48 hours and quite completely 
after 96 hours. 

155. Carbon Dioxide, (a) Connect up two wash-bottles 
containing baryta or lime water with a tube of soda-lime 
between the two bottles. Attach the chain to an aspirator 
or a slow-acting suction pump. Note the deposit in the 
first bottle and the absence of deposit in the second bottle. 

(b) Repeat with the first bottle detached. Test the deposit 
for carbonate with acetic or dilute hydrochloric acid. 

(c) Having proved by the above experiments (a) that carbon 
dioxide occurs in ordinary air and also (b) that air can be 
freed from its carbon dioxide by passing over soda-lime ; 
fit up two wide-mouthed bottles with soda-lime tubes passing 
through rubber stoppers. Fill one of the tubes with soda- 
lime A ; fill the other tube loosely with glass wool or 
leave it empty, B. Place in each bottle an equal but small 
quantity of water (about 2 to 5 c.c.) and six or eight small 
starch-free leaves,^ c.g. of daisy, groundsel or pelargonium ; 
expose both bottles to the best illumination possible. Remove 
one leaf from each bottle at intervals (i) of twenty-four hours, 
or (ii) of two hours on a bright sunny day. Test these leaves 
for starch and compare the results for the two bottles. 
This experiment proves that leaves do not produce starch 
in air free from carbon dioxide, and that they do produce 
starch if this and other conditions are present,^ 

^ Chloral iodine may be made by dissolving five parts of chloral 
hydrate in two parts of water and adding crystals of iodine until a few 
remain undissolved. These should be retained in the bottle to maintain 
saturation. * 

* Leaves may be destarched by keeping leafy twigs (in w^ater), or 
potted plants, in the dark for two days. 

• These experiments can be done during winter, but in frosty weather 
starch may not be formed. 
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Light 

156. Place six or eight starch-free leaves, e.g, groundsel, 
daisy, in each of two wide-mouthed bottles with 2 to 5 c.c. 
water. Leave one bottle in a well-lighted place and the other 
in a dark cupboard. Test one leaf from each bottle at daily 
intervals.' 

157. Choose a plant with leaves having stomata on the 
under surface. The presence or absence of stomata on the 
upper surface is not a factor of importance in this experiment. 



CLASP i 


STcrfciu D<3C- 


-LCAF 


(*^) 

Fig. 13.— (a) Leaf-clasp, Type B with dark ehainher below; 
(b) diagram to show position of <‘lasp, steiieil disc and leaf- blade. 


Fix a leaf-clasp with a stencil cut from black paper ^ upon 
a leaf attached to the plant. Leave overnight so that any 
starch originally present may be removed. Remove the 
clasp and leaf after an exposure of at least four hours to 
good daylight has followed upon one night of darkness. 
Test the leaf for starch and compare the starch print with 
the stencil. 

r 158. ChlorophyU. Choose a variegated leaf with as 
distinct a pattern as possible ; remove this from the parent 

^ These experiments can be done during winter, but in frosty weather 
starch may not be formed. 

* I.»eaf-cla8p, Ty|>e B (Fig. 13), gives a good starch-print within 
twenty-four hours during the winter ; the paper side of the disc should 
be ploc^ next the leaf. 
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plant after it has been exposed to daylight for at least six 
hours. Make a drawing of the leaf to show the distribution 



Fig, 14. — SnuilFs Plant Press consists of A. a hollow cylinder, 

11. a grooved disc and C. a plunger, surrounded by D. a copper 
vessel for ice-cooling. The plant material is pressed at P. 
between the disc and the plunger by the screw-press. The 
parts A., B. and C. arc made of non-corroding metal. K. is an 
enlarged view of a tapping screw to remove the disc for washing 
after use. 

« 

of green and yellow parts ; then decolorise the leaf and test 
for starch. Compare the starch-pattern obtained with the 
plan of colour distribution. 
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OTHER TESTS 

159. Sugar. According to the second equation (p. 70), sugar is 
produced ; and the above experiments are all based upon the 
production of starch. The production of sugars should be 
investigated by the more advanced student. Use a potted 
plant ; water this well and keep it in the dark for at least four 
days. Remove two or three leaves and press out the juice in a 
small plant press (Fig. 14). Filter the juice and to one-half add 
Fehling's solution. If there is no red precipitate when this is 
boiled, heat the other half of the juice with dilute sulphuric acid 
for ten minutes, neutralise, add Fehling's solution and heat again. 
The absence of sugars will be indicated by no reduction of the 
Fehling’s Solution in either case. Using sugar-free leaves of this 
type, expose them for one hour to bright daylight ; repeat the 
extraction of juice and test as before for sugars. The results 
should now be positive. 

160. Oxygen. The production of oxygen is most easily 
shown in water-plants. Set up a beaker, funnel and test- 
tube with water and Elodea in good daylight (see Textbook, 
Fig. T 322). Collect at least half a tube of gas and test for 
oxygen by the usual methods. 

161. Volume Relations. According to both equations, the 
amount of oxygen given off is equal to the amount of carbon 
dioxide taken in, and within an enclosed space this should 
result in no change of pressure. Spread a few healthy green 
leaves over the bottom of a flask so that they can be all well 
illuminated and attach the flask in an air-tight manner to 
a mercury manometer. Set the apparatus in a well-lighted 
situation and note the mercury levels after two, four, and 
six hours’ illumination. 

Methods of Estimating Photosynthesis 

162. Thoday*s Method. This depends on measuring the 
increase in dry weight of a fixed area. The leaves, which should 
be reasonably large, are stamped in ink with a rubber stamp. 
A rectangle 3 cm. by 1*5 cm. has been found convenient. These 
areas should be stamped in equal numbers on each leaf, choosing 
parts of the leaf-blade relatively free from large veins. After at 
least sixty such areas have been stamped, those on one side of 
each leaf should be removed and trimmed along the middle of 
the inked line. The trimmed pieces of leaf are then dried below 
100® C. until the weight is constant. After the other thirty 
areas have been exposed to the experimental conditions for a 
known period of time they are removed, trimmed accurately 
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and dried as before to a constant weight. The difference in the 
dry weights should l)e recorded as a measure of the rate of 
photosynthesis, cuilculated to the terms per hour per square 
decimetre of leaf surface.” 

163. Oxygen Method. Choose a shoot of Elodea or other 
convenient water-plant, fix it in position under water with the 
freshly cut basal end up, but completely submerged. Bubbles 
of gas may be seen coming from the cut end, and the number of 
these per minute gives a rough measure of the rate of photo- 
synthesis under varying conditions. The accuracy of this method 
may be increased by fitting a small glass tube, drawn to an open 



a 


Glass capsulc 

W 

Fkj. 1.5. — Lcaf-elasp, I'ype D. (a) General view, (b) Diagram 
showing position of leaf. 

point, over the cut end of the shoot. The number of bubbles per 
minute should be determined for bright light and at least two 
stages of duller illumination, using a Watkins’ photographic ex- 
posure meter or other actinometer to obtain a measure of the 
light intensity in each case. B'or convenience in manipulation 
the “ glass bubbler ” may be tied to a small glass tripod or a 
coil of glass-tubing ; the cut end of the shoot is then inserted 
into the supported bubbler, 

164. Gas Analysis Method. The gaseous exchanges of the 
leaf may be investigated by slowly passing a known volume of a 
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definite mixture of gases over the leaf surfaces ^ and analysing 
the mixture after it has passed over the leaf. Carbon dioxide 
may be absorbed completely by standardised alkali either in a 
Pettenkoffer tube or in a bottle fitted with a Jena glass gas- 
distributing tube (patterns or 83 G'). For approximate 

determinations it is suflicient to pass the gases through two 
wash-bottles containing bar>d;a water, preferably fitted with gas 
distributing tubes, collect and weigh the precipitate as barium 
carbonate or titrate back with N/10 HCl in the usual way (see Ex. 
2(K).). Oxygen may be determined by absorption from a definite 
volume of the gas by leaving this in contact with an alkaline 
solution of pyrogallate, which, of course, absorljs the carbon 
dioxide in addition to the oxygen. For accurate work a Haldane's 
Gas Analysis Apparatus may be used. 

Leaf-clasp, Type D (Fig. 15), has been designed to make 
convenient the enclosure of the leaf surfaces on the living plant. 
Two glass capsules and rubber w'ashers are applied to the upper 
and lower surfaces of the leaf. The capsules and washers are 
sealed to the leaf by means of a mixture of equal parts of soft 
paraffin and beeswax. Air containing about 2 per cent, carbon 
dioxide can then be passed through a T-tubc over each leaf 
surface under the experimental conditions, and one of the various 
methods for absorption of carbon dioxide used to obtain a measure 
of the gaseous exchange of each leaf surface. 

CARBON DIOXIDE 

165. Diffusion of Carbon Dioxide. Take a tall graduated 
glass jar ; lead a little of the gas from a carbon dioxide 
Kipp’s apparatus gently to the bottom of the empty jar by 
means of a glass tube, and leave the cylinder undisturbed 
for five minutes. Observe the slow upward diffusion of the 
carbon dioxide, by noting the graduation at which a clear 
drop of lime or baryta water becomes milky when it is 
slowly lowered into the cylinder. 

Diffusion through Stomata 

166. That carbon dioxide enters the leaf through the 
stomata may be demonstrated, roughly, by using the Starch- 
Iodine Test (Ex. 152) on a leaf with one half of the under 
side covered with vaseline to block the pores and the other 
half left free. 

^ Tlie gas mixture prepared in a Winchester quart bottle may be 
passed over the leaf slowly by allowing water to drip into the bottle 
from a stoppered funnel fixed through the cork of the bottle. The 
volume of water allowed in from the funnel should be about 500 c.c. 
per hour ; see Ex. 171. 
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167. Using starch-free leaves with stomata on the under 
surface only, apply three Leaf-clasps, Type A, to the leaves 
thus : (a) use both discs so that both surfaces are blocked ; 
(b) use one disc only on the upper surface ; (c) use one disc 
only on the under surface. Expose the three leaves to bright 
light for four hours ; apply the Starch-Iodine Test and 
compare the results obtained ; (a) and (e) will be similar, 
(b) will show normal starch content because the under 
surface is left free. 

168. Using leaves as above (Ex. 167) apply Leaf-clasp, Type D. 
as in Ex. 164 and compare the weights of barium carbonate 
obtained when the leaf has been illuminated by bright daylight. 
All the carbon dioxide supplied is recovered from the upper 
surface, but there is a measurable loss in the case of the under 
surface. 

169. Advanced students should repeat the above experiment, 
using a wash-bottle of strong sulphuric acid l>efore the T-tube 
leading to the leaf-chambers, so that the leaf is gradually brought 
into a condition with dry-shut stomata on the under surface. 

170. Dixon’s Diffusion Experiment.^ Choose five specimen 
tubes about 1-5 cm. wide and about 4 or 5 cm. deep ; smear the 
rims with sticky Canada balsam ; place about 4 c.c. of petrol in 
each tube and arrange a pair of microscope cover-slips over the 
top. so that a slit with parallel edges is left for outw^ard diffusion 
of the petrol vapour. The slits should be of the following 
approximate widths : 3 mm., 1 mm., 0-5 mm., 0-25 mm., and 
01 25 mm. Set the tubes of petrol aside in a safe peace, well 
away from any naked flame ; weigh them when ready to be set 
aside and at daily intervals for one w'eek afterwards. Tabulate 
for each tube the weight lost and the length, width, margin, and 
area of the slit. Convert these figures into easily comparable 
data by taking tube No. 1 in each column as KM). This 
demonstrates clearly that the marginal length, or the width with 
constant length, is the determining factor in gaseous diffusion 
through a slit such as a stomata! opening. 

171. Carbon Dioxide as a Limiting Factor 

(a) Using Leaf-clasp, Type D, as in Ex. 164 and a known volume 
of N/10 Na OH, either in a Pettenkoffer tube or in a washing- tower 
fitted with a gas-distributor, determine the amount of carbon 
dioxide absorbed by a green leaf in direct sunlight when 0*1 
per cent, carbon dioxide is used. Your results may show that 
the well-illuminated green leaf can use up more than 01 per 
cent., if the gas is passed at the rate of 500 c.c. per hour. The 
rate can be adjusted by graduating the bottle of gas, and allowing 
an even flow of water from the fimnel so that 500 c.c. of water 


1 See Nature, 18/10/30. 
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enters the bottle in one hour, or 500 c.c. may be poured into a 
large funnel and allowed into the bottle at a steady rate. 

(b) Using two similar sets of ten well-illuminated stareh-free 
leaves of moderate size, contained in two wide bottles each fitted 
with two tubes, pass 8 litres of 0 03 per cent, carbon dioxide (air) 
through one bottle in six hours and 8 litres of 10 per cent, carbon 
dioxide through the other bottle during the same time. Com- 
pare the dry weights of the two sets of leaves and note the 
greater production of material by the second set of leaves. 

N.B. The leaves should be arranged inside the bottle in such 
a way that each leaf is reasonably well-lighted and no leaf is 
mainly covered. 

172. Toxic Effects of Excess. (a) Attach two Ueaf-clasps, 
Type D, to starch-free leaves upon a potted plant ; connect the 
exit-tubes of upper and lower capsules by a short length of rubber 
tubing ; place the enclosed leaf surfaces so that both are well- 
lighted ; during the next six hours pass a steady stream of air 
through one clasp and a similar stream of 50 per cent- carbon 
dioxide through the other. Tw^o Winchester quart gas-bottles 
may be used as in Ex. 171 (a). Test for starch in both leaves and 
compare the enclosed areas with the free, unshaded areas. The 
absence of starch from the second enclosed area indicates a toxic 
effect of the high concentration of carbon dioxide. 

(b) I^ave two sets of leafy shoots of Elodea or Callitriche in 
the light for several days, both submerged in water, one set 
exposed to ordinary air under an inverted beaker and the other 
exjx)sed to 50 per cent, carbon dioxide displaced into a similar 
inverted beaker. Apply Sach’s Iodine Test after not less than 
four days. A toxic effect is again indicated. 

LIGHT 

173. Etiolation. Set about sixty white mustard seeds 
or thirty green peas to germinate and grow into seedlings 
in darkness, in three pots of well -moistened soil. All three 
pots should be carefully shielded from daylight until they 
are ready ; examination of their growth can be made by 
means of a dull red light. When the seedlings are from 2 to 8 
inches long, place one pot in the brightest daylight available 
and take notes every fifteen minutes for three hours of the 
changes in colour which follow the development of chlorophyll. 
Place a second pot in a shaded place indoors ; note the 
slower development of chlorophyll ; test the green leaves 
for starch and observe that the light may be strong enough 
for the appearance of chlorophyll, but too weak for the 
production of starch. Leave the third pot in darkness until 
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the others are used, and then expose it to bright daylight 
for one daily period of twenty minutes or for two daily 
periods of ten minutes ; replace it in darkness and repeat 
the exposure to light daily for at least one week. Observe 
the result of brief exposures to light. See also Ex. 175. 

174. Similar experiments may be carried out with broad beans, 
runner beans (Phiiseolus multiflorus)^ sprouting potatoes, 
pelargonium plants and young shoots of Polygonum cuspidatum.^ 

Seedlings of Pinus produce chlorophyll in the dark. They 
require about four weeks for germination. Sycamore (Acer) 
cotyledons are quite green and remain so during germination of 
these seeds in the dark. 

175. Oxygen and Chlorophyll Formation. A few etiolated 
seedlings from one of the pots in Ex. 173 should be used to 
demonstrate the effect of lack of oxygen on chlorophyll 
development. Two or three seedlings should be exposed to 
liglit in a closed Petri dish with a little water, and another 
two or three in a similar dish completely lilled with water 
so that there is no layer of air above the seedling. These 
dishes left for twTuty-four hours show a very clear difference 
in the contained seedlings. 

176. Chlorosis, losing the plants from pot H of Ex. 149, or 
other available chlorotic material, test the effect of iron on the 
yellow leaves. Chlorophyll may develop in iron-starved leaves 
when the roots are immersed in water containing 01 per cent, 
ferric chloride, or when the leaves are painted with 0*01 per cent, 
ferric chloride solution. If these tests fail, the internal hydrogen- 
ion concentration of the mesophyll may be less than pH 5-8 and 
the iron therefore not available, although present outside the cells. 
This condition can usually be modified by placing the etiolated 
plants in an atmosphere containing 20 per cent, carbon dioxide, 
while applying iron solution to the roots. Another method 
c(jnsists of centrifuging a single seedling immersed in a test tube 
of 1 per cent, citric acid solution to get injection of the tissues, 
and following this treatment with the external application of 01 
per cent, ferric chloride. 

Light Intensity 

177. Using a potted plant wdth large starch-free leaves and 
a leaf-screen box (see Fig. 16 below), expose one leaf to 
continuous daylight for at least eight hours under a 

« 

^ Cp. pp. 287 ,s(/q, in “ Ileceiit Advances in Plant Physiology,” by 
Darton Wright, also Priestley in The Neiv Phytologist, XXIV, No. 
5, 1025. 
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photographic negative with strong contrasts or under a 
Dremnieter.^ “ Develop ” the leaf by Sachs’ Iodine 
Method, Ex. 152, and note the varying depths of grey in the 
resulting starch print. 

178. Using starch-free leaves in wide-mouthed bottles 



(a) 



Fig. 1G. — l^eaf-screcn. (a) General view, (b) Diagram. 


with a little water, expose three sets of leaves to (a) dull 
indoor light, (b) shade outdoors, (c) full daylight for at least 
eight successive hours. Test each set of leaves for starch 
in the late afternoon and note the varying depths of tone 
in the results. This gives a striking demonstration of the 
effect of shade, even outdoor, upon starch formation. 

* The Dremmeter is a film negative with definitely graded densities 
in a number of small rectangles. It can be obtained from Messrs. 
Sands, Hunter & Co. 
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179. Colour Tests. Using leaves attached to the plant, 
expose leaves under eolour-sereens of different colours for 
at least two hours of bright daylight after one night in the 
dark.^ Test the leaves for starch and compare the densities 
of the resulting starch-stains with the densities marked upon 
the Dremmetcr scale. 

(a) Leaf-clasp Type C (Fig. 15) has been designed to make 
this experiment somewhat more accurate. The coloured 
celluloid discs have the same transmission spectra as the 
corresponding colours of the Leaf-screen (see below). It is 
therefore possible to eom})are the starch-stains qualitatively 
and, by using the Dremmetcr scale, quantitatively with 
some degree of accuracy. 

(h) Leaf-screen. This is a box with provision for ventilating 
the under surface of the leaf in relative darkness while exposing 
the leaf, flattened against a net, under screens of various kinds 
(Fig. 16). The photographic negative or Dremmeter is used in 
Kx. 177. The colour screen with strips of red, blue, yellow and 
green should he used in the present experiment and the results 
under these strips compared with those given by white light and 
under the black control strip. The transmission spectra are 
given in Fig. 17 ; and these should be noted carefully, since the 
yellow and green screens transmit a certain percentage of red 
light-rays as well as the more obvious colours. The effect of the 
red and blue screens can be compared freely ; their visual 
luminosities are about ecpial, but their energy transmissions differ 
markedly, so do the resulting starch prints. 

Dr. K. Ci. Emeleus and Mr. H. H. Sloane report upon this 
colour screen as follows : 

A logarithmic sector was rotated in front of the slit of the 
laboratory medium glass spectrograph, and photographs of the 
spectrum of an opal bulb taken with and without filters, the light 
lieing passed through the latter normally. The Spectra were 
photographed on Agfa ‘‘ Special Rapid Panchromatic ” Plates 
and Kodak “ Extreme Red Sensitive plates. Neon and Popper 
are lines were used as standards, and the percentage transmission 
at each wave-length taken to be 

Wedge length of spectrum with filter 
^ VW'dge length of spectrum witliout filter 

^ Potted plantii should be kept in the dark for twenty-four hours 
before 1 km ng used. Outdoor leaves should l>e earefully til'd up in brow-n 
paper bags the evening before they are ri'quired for the experiment. 
Starch stains can be obtained after eight hours even on a dull winter 
day, if stareh-frec leaves are used for this exjieriment. 
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This formula is not exact (c/. Hilger’s catalogue), but is probably 
exact enough for the present purpose. Taking Langley’s curve 
for the distribution of energy in sunlight, as quoted in Pfeffer’s 
“ Physiology of Plants,” the accompanying transmission graphs 
were prepared, and the total energy transmission between 4,000A 
and 7,500A found by integration of the areas beneath the curves. 

The following points should be noted : 

(1) There is considerable energy transmitted beyond the infra- 
red limit of the present investigation ; this would be most conveni- 
ently found, if necessary, by a bolometric or calorimetric method. 



Fig. 17.—Energy Transmission Curves of Colour Screens used in I^af- 
clasp, Type C. and Leaf-screen. R. red, Y. yellow, B. blue screen 
transmission curves, and G* green screen transmission curve. 
The areas Ix'low the curves give by simple inspection a rough idea of 
the relative amounts of energy transmitted. Compare the report 
on p. 81. (After EmeKms and Sloane.) 


(2) For work where high accuracy is aimed at, the transmission 
curves furnished should be redetermined by better methods, 
e.g, at the N.P.L. 


Percentage of total energy transmitted between 4,000A 
and 7,500A : 

Plain celluloid . . . . 88 per cent. 


Blue filter 
Green 
Yellow 
Red . 


8-5 

15 

58 

28 
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The experimental leaf should be kept attached to the plant 
and be comparatively larj^e, e,g, sunflower, wild beet, etc. The 
leaf is spread upon the net and the two screens fixed in position 
above. One screen transmits white light only, with one section 
completely darkened ; this acts upon one half of the leaf as a 
control. The colour sections of the other screen are arranged so 
that the sequence from the base of the leaf upwards can be 
reversed. The Leaf-screen gives a more convincing demonstration 
than that of Leaf- clasp. Type C, of the effects of light from 
different parts of the spectrum, because the same leaf is exposed 
under different screens and the results, especially when checked 
by using the reversed sequence of colours on a second leaf, cannot 
be attrii)uted to variation in the activity or health of the leaf. 

180. Light as a Limiting Factor, (a) Prepare a healthy 
shoot of Elodea for bubble-counting as in Ex. 163. Arrange 
three 60 watt electric lamps in a row and place the beaker 
of water, with a thermometer in it and with the Elodea, 
about 50 cm. away from the central lamp. With one lamp 
lighted count the number of bubbles per minute at intervals 
over a period of twenty minutes ; repeat wdth three lamps 
lighted ; repeat with only two lamps lighted. Check the 
temperature, which should remain practically the same 
throughout the experiment. Take the average number of 
bubbles per minute under the three conditions of light and 
compare these values wdth the relative intensities of 
illumination. The water should be at ix^om-temperature 
when the experiment is commenced. Movement of the 
beaker should be avoided, but a more uncertain variation 
in intensity may also be obtained by moving a single lamp. 
See Exs. 182 and 183. 

(b) Set up a I^af-clasp, Type D, a gas supply of 10 per cent, 
carbon dioxide, and a gas analysis apparatus as in Ex. 171. 
Illuminate the enclosed surface of green-leaf as in Ex. 180 (a) 
and compare the rate of absorption of carbon dioxide under three 
intensities of light over periods of at least twenty minutes. The 
How of gas supplied keeps the temperatures within narrow limits. 

181. Toxic Effects of Excess. Prepare a heat-screen by 
placing a deep Petri dish containing a saturated solution 
of alum over a detached leaf lying with its stalk in a little 
water. Focus direct sunlight upon the leaf surface by 
means of a reading-lens or other concave* lens of long 
focus. Note the comparatively rapid browning, indicating 
decomposition of the chlorophyll by intense illumination. 
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Check the efficiency of the heat-sereen by substituting a 
thermometer for the browned part of the leaf. 

TEMPERATURE 

182. The effect of temperature variations may be studied 
conveniently with the apparatus of VjX, 180 (a). Using 
two or three lamps to get a reasonable number of bubbles 
per minute from the Klodea shoot ; prepare two further 
beakers of water, one (A) kept at about 5° C. by means of a 
small piece of ice, and the other (B) at about 25'' C.^ Transfer 
the Elodea shoot and “ bubbler ” from the original beaker to 
B and note the bubbling rate until it is reasonably constant ; 
then transfer the plant and bubbler to A and again take a 
note of the number (if any) of bubbles per minute. The 
evolution of gas may cease on transferring to A. If this 
happens write out a complete list of the possible causes ; 
cessation of photosynthesis may not be the actual cause of 
the stoppage. 

183 . Temperature as a Limiting Factor. Tlie above experiment 
may be extended by using only one UO-watt lamp at a distance of 
25 cm. from the outside of the beaker and starting with a 
temperature below 5"^ C. The beaker with its contents shouUl 
be placed upon an asbestos ring at least 1 cm. thick, above an 
electric hot-plate and the temperature raised very slowly by 
intermittent very sfiort periods of heating, switching the hot-[)late 
on and off as required. When the number of bubbles per minute 
remains the same for three successively higher temperature 
changes, a second lamp should he added and the observations 
repeated. In this way the combined effects of light and 
temperature may be studied. See also Kx. 184. 

184 . Toxic Effects of Excess, (a) By means of the electric hot 
plate, the temperature can be raised gradually and the toxic 
effects of temperatures higher than C. made (|uite evident. 

(b) Using the normal liot-plate observe carefully under the 
high power of the microscope the behaviour and appearance of 
chloroplasts in a leaf of Klodea when the temperature is gradually 
raised above 30 C. 

TRANSLOCATION 

185. Disappearance of Starch. Place a healthy plant, 
e.g. potted pelargonium or Elodea, in darkness and make a 

^ The temperature may be kept up by the addition of hot water 
or by means of intermittent and very short periods of heating on an 
electric hot-plate. Thermometers should be retained in both beakers. 
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starch test on one or two leaves each morning until no 
further starcli stain is obtained. Examine small portions 
of the leaves daily by Schimper’s Method, Ex. 153. 

186! More advanced students should he practically acquainted 
with quantitative sugar methods ; see Mangham, Nexv Phytologist, 
10, p. 160, 1911 ; also Annals of Botany, 29, p. 369, 1915 ; Mason 
and Maskell, Memoirs Cotton Res, St7i., Trinidad, 1928 ; and for 
the Multiple Razor as a means of examining different parts of 
the same leaf. Small, New Phytologist, 15, p. 194, 1916. 

PROPERTIES OF CHLOROPHYLL 

Materials. Nettle leaves — these may be collected during the 
spring or autumn and dried rapidly at a temperature below 40^ C., 
by suspension in a large muslin bag over a radiator or in other 
ways. When brittle-dry these leaves are easily powdered. After 
further drying at 40° C. for three days, this powxler keeps well if 
stored in containers which prevent the access of moisture, i.e. 
well-filled stoppered bottles, or jars fitted with quick-lime 
desiccators such as are used for keeping biscuits. 

Alcoholic alkali. This is a 30 per cent, solution of potassium 
hydroxide in methyl alcohol. 

187. Acetone Extract. Place 5 grammes of powdered leaf 
in a wide-mouthed stoppered bottle of 100 c.c. capacity ; 
add 48 c.c. anhydrous acetone and 12 e.c. W'ater ; set aside 
for twenty-four hours, shaking occasionally ; filter through 
paper and use suet ion to obtain as mueh filtrate as possible ; 
at least 40 c.e. should be obtained ; transfer this acetone 
solution of the pigments to a narrow-mouthed w ell-stoppered 
bottle of brown glass. 

188. Dichroism. Pour a little of the acetone extract 
into a watch-glass, observe the blue-green colour by 
transmitted light over wdiite paper. Then look obliquely 
through the layer of solution and note the deep red colour 
by reflected light. This dichroism is characteristic of the 
crystalline condition of the green pigments. Return the 
liquid to the bottle. 

189. Colloidal Chlorophyll. Take up 5 c.e. of acetone 
extract in a pipette and allow it to flow into 50 e.e. of w'ater 
in a small beaker, stirring continuously with the pipette. 
Note the slight change to a less bluish tint of green. Transfer 
some of this colloidal solution to a small lltit-sided bottle ; 
examine and map the spectrum (see Fig. T 825, also Ex. 
100, below). 
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190. Action of Light. Fill another small flat-sided bottle 
with acetone extract and place both this and the bottle of 
fluid used for spectrum observations (Ex. 189) in bright 
daylight. Observe, compare and note tlie colour changes 
during twenty-four hours. 

191. Two Green Pigments. Pour 10 c.c. of acetone 
extract into 20 c.c. of petrol ether contained in a separating 
funnel ; add carefully 30 c.c. of water. Set aside until a 
deeper green ethereal layer separates ; run off the slightly 
green aqueous layer. Wash the petrol ether solution of 
mixed pigments gently with two successive quantities of 
20 c.c. of water, separating and running off the aqueous 
layer completely. If the petrol ether solution is turbid 
add 2 grammes of exsiccated sodium sulphate, shake and 
filter. Add the petrol ether solution to an equal volume of 
92 per cent, methyl alcohol ; shake and set aside. Two green 
layers separate out; the upper petrol ether layer contains 
chlorophyll a and carotin, while the lower methyl alcohol 
layer contains chlorophyll h and xanthophyll. Compare the 
spectra of the two solutions with Fig. T 325. 

192. Separation of Green and Yellow Pigments. Pour 
10 c.c. of acetone extract into 30 c.c. of ether, add water, 
separate, and wash the ethereal layer as for petrol ether in 
the previous experiment. Shake 4 c.c. of alcoholic alkali ” 
with 10 c.c. of the ether solution ^ of mixed pigments, until 
a green colour develops. Add slowly 20 c.c. of water and 
then 5 c.c. of ether ; shake gently. Two layers separate, 
an aqueous lower layer containing both green pigments 
saponified by the alkali and an ethereal upper layer contain- 
ing both yellow pigments (see Ex. 193, below). 

193. Two Yellow Pigments. Run off the aqueous layer of 
Ex. 192, and wash the ethereal layer gently with three 
successive quantities of 20 c.c. water. Evaporate the 
ethereal solution, in a shallow dish out-of-dooi*s, until the 
volume is about 2 c.c. Transfer to a separating funnel ; 
add 10 c.c. petrol ether and shake ; then add 10 c.c. 90 per 
cent, methyl alcohol and shake. On standing, two yellow 
layers separate; the lower alcoholic layer contains only 
xanthophyll, the upper petrol ether layer contains all the 
carotin and some xanthophyll. The remaining xanthophyll 
may be washed out by repeating the washing with fresh 

^ The remainder of this original ether solution should be reserved 
forExs. 194, 195, and 196. 
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quantities of 10 e.c. 90 per cent, methyl alcohol until the 
alcoholic layer is no longer coloured. The yellow petrol 
ether then contains only carotin. Examine the spectra of 
the two solutions and compare them with Fig. T 325. 

194. Action of Alkali. Chlorophyll a is the ester of methyl 
and phytyl (primary) alcohols with the dicarboxylic acid chloro- 
phyliin ; it is saponified d>y the action of alkali in the cold to an 
alkali salt of the acid, somewhat as follows : 

/COOCH 3 /COOK 

C32H3«ON,Mg( -f 2 KOH C32H3oON4Mg( 

^COOCgoHg^ \COOK 

chlorophyll a -h CH 3 OH -f C 2 oH 3 ,OH 

methyl alcohol phytol. 

Take about 3 e.c. of the original “ ether solution ” from Ex. 192 
in a test-tube, introduce 5 e.c. of alcoholic alkali as a lower layer 
by means of a pipette. Note the brown phase which develops 
at the junction of the two layers. Shake gently ; the brown 
colour disappears and the fluid changes gradually from olive-green 
to pure green as saponification is completed. See Onslow’s 
“ Plant Biochemistry ” for details of the reactions. 

195. Action of Acids. The chlorophylls are changed by the 
action of acids, with the removal of magnesium from the molecule : 
chlorophyll a gives plueophytin a ; chlorophyllides give the 
corresponding phicophorbides (see Onslow, p. 35 ; or Willstatter 
und Stoll in “ Untersuch. ii. Chlorophyll ”). 

Take about 3 c.c. of the “ original ether solution ” from Ex. 
192 in a test-tube, introduce 5 c.c. of dilute hydrochloric acid as a 
lower layer by means of a pipette. Note the brown phase which 
develops at the junction of the two layers. Shake gently ; the 
brown colour disappears and the fluid changes to a muddy 
bluish-green with precipitation of some of the phaeophytin. 

196. Action of Copper Salts. Place about 0*1 gramme of 
copper acetate in a test-tube ; add four drops of water and then 
six drops of strong hydrochloric acid, using a pipette or a dropping 
bottle in each case. Shake and, when solution is complete, add 
e^irefully 2 c.c. of the original ether solution fmm Ex. 192. 
Shake gently and note tliat the colour changes to a more brilliant 
green. Add 5 c.c. water and evaporate the ether on a water 
bath with care. Cool and transfer a part of the solution to a 
watch-glass ; examine for dichroism. The substituted copper 
compound is not dichroic (cp. Ex. 188). 

197. Action of Chlorophyllase. (a) This enzyme is particularly 
abundant in fresh leaves of Heracleum sphondylium and Galeopsis 
tetrahit. Cut fresh leaves of one of these species into small 
pieces ; pack 1 gramme of comminuted leaf in a test-tube and add 
4 c.c, of 70 per cent, hydrous acetone. Set aside for at least half 
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an hour, with occasional shaking. Add about 15 c.c. water and 
transfer to a separating funnel ; add 3 c.c. ether, shake, separate 
and collect the ethereal layer in a test-tube. Add to this 10 c.c. 
of 0 05 per cent, potassium hydroxide and shake gently. The 
chlorophyll, which is insoluble in weak aqueous alkali, is 
hydrolysed by the chlorophyllase to phytol and acid-chlorophyllide 
(soluble in ether), the latter reacts with dilute alkali to give a 
chlorophyllin salt soluble in water and insoluble in ether. 

(b) That this is an enzymic hydrolysis may be shown by boiling 
some fresh leaves of the same species in water for ten minutes, 
extracting with hydrous acetone and proceeding as before. The 
unaltered chlorophyll does not react with the weak aqueous 
alkali, which does not, therefore, extract the colouring matter 
from the ethereal layer. 

Many further experiments and theoretical details will be found 
in Pnictical Plant Biochemistry^” by M. W. Onslow, Cambridge 
University Press. Advanced students are advised to study the 
chemistry of chlorophyll by means of that volume. The above 
experiments are suitable only for first- or second-year students. 



CHAPTER XI 
RESPIRATION 


Normal respiration, represented in snininary fashion as 
the oxidation of earboliydrate materials with the liberation 
of energy and the production of carbon dioxide, may be 
presented as the familiar equation — 

~ GtrCOg + 

starch ► 

exothermic 

198. Carbon Dioxide. The production of carbon dioxide 
by any part of the plant may be demonstrated roughly thus : 
Fit rubber stoppers to six wide-mouthed bottles ; place 5 c.e. 
water in each bottle and cover one bottle A to the neck with 
black or thick brown paper. Place some green leaves in 
this bottle A ; a similar set of leaves in an undarkened 
bottle B ; some moistened seeds in another C ; some 
opening (lower- or leaf-buds in a fourth bottle D ; the root 
parts of two groundsel or other similar plants in a fifth E ; 
and leave the sixth F as a control. Set all six bottles in a 
well-illuminated position for about twenty-four hours. 
After a period of at least four hours of bright daylight, take 
a lighted taper ; ease the rubber stopper gently from each 
bottle in turn and test the ability of the gas-eontent to 
support combustion. Note the results for each bottle and 
write a brief explanation of each observation. Compare A 
and B with particular reference to carbon assimilation in the 
light. 

199. Sachs’ Experiment. Set up the apparatus as given 
in Fig. T 32(5. Attach the last bottle, of baryta w^ater, to a 
suction pump or aspirator and note the result. 

200. The above experiment can be made quantitative by 
using two absorbing bottles ^ of baryta water a/ter the bottle 
containing the respiring material. The amount of carbon 

^ These should be fitted with gas distributors such as the Jena 
glass types 33c or 83 Gh 

S9 
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dioxide given off a noted quantity of plant material in a 
noted time may then be determined either by weighing the 
precipitate as barium carbonate or by using a known quantity 
of baryta water and rapidly titrating 20 c.e. of the mixed 
contents of both bottles with N/10 HCl, using methyl red or 
methyl orange as an indicator. A cheek titration with 
20 c.c. of the original baryta water gives by calculation the 
amount of carbon dioxide absorbed by 20 c.c. of the absorbing 
fluid, and from this the amount absorbed by the total volume 
can be determined. If x be the total volume in cubic 
centimetres of baryta water used, and y be the difference in 
cubic centimetres of N/10 HCl used for the two lots of 20 c.c., 

then, at 15° C., I*l7y x ^ or •05S5xy is the total volume in 

cubic centimetres of carbon dioxide given out during the 
experiment. 

201. Respiroscope. One of the many types of respiroseope 
may be used for enclosing moist seeds or other respiring 
material in the upper bulbous part of the bent tube, the 
lower end of which may be placed simply in a solution of 
alkali when a considerable rise is obtained, or in mercury 
with the introduction of alkali on the mercury surface within 
the vertical part of the tube when a small rise is obtained 
which enables the experiment to be used as a demonstration 
over a much longer period. 

202. Respirometer. Various modifications of the simple 
respiroscope are used to measure the rate of respiration. These 
replace the continuous gas stream of Sachs’ Method, Exs. 199-200, 
by a closed volume of air used for a short period. This enclosure 
in a space containing an increasing percentage of carbon dioxide 
may have an effect upon the rate of respiration. The usual type 
of respirometer with a small plant-chamber is especially liable to 
this error, but it can be used by advanced students who understand 
the factors. The large flask used in Ex. 205 is not so likely to 
give trouble or wrong results. 

203. Starch, (a) That starch disappears from leaves 
attached to the plant is demonstrated in Exs. 154 and 185, but 
the accepted explanation lies in translocation of the starch 
in the form of soluble sugars. Remove eight leaves from a 
plant ; make a starch test of one leaf at once ; place the 
others in the dark with moist cotton-wool not in contact 
with the leaves, and make a starch test on one leaf each day 
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for several days. Note that the disappearance of the starch 
cannot be due to translocation, but it might be due to 
conversion of the starch into sugars. 

(b) Take about 20 grammes of leaves from the same plant ; 
divide them into two lots of exactly equal weight ; determine the 
dry weight of one lot as soon as possible by drying at 96^ C. until 
the weight is constant, and of the other lot after the period 
of time shown by the above experiment to be required for the 
complete disappearance of starch. The difference in the dry 
weight indicates that some at least of the starch has been converted 
into volatile products such as carbon dioxide and water vapour. 
This experiment may be extended as in Ex. 206. 

204. Heat. Set up Potter’s Experiment (see Textbook, 
pp. 151-152 and Fig. T 327). Graph the temperatures 
daily for three weeks and write an explanation of the curves 
obtained. For crude experiments, designed merely to 
demonstrate that there is some heat given off in respiration. 
Potter’s apparatus may be replaced by three chalk-boxes or 
three single-walled round-bottomed flasks, but each box or 
llask should have a drainage hole in the bottom for carbon 
dioxide. 

205. Respiratory Quotient. Set up the apparatus as figured 
(Fig. 18), consulting the Textbook, pp. 158-159, for details. ^ 
Determine the R.Q. of starchy seeds such as cereals ; oily seeds 
such as white mustard, turnip, or rape ; sugary scale leaves such 
as onion ; and small entire leaves of succulents such as Seduvi 
spp. Using about fifty white mustard seeds suitable results can 
be obtained after two hours' respiration. Peas may be used as an 
instructive study of an abnormally high li.Q. In this case the 
R.Q. may be 12, and more carbon dioxide is given off than the 
oxygen taken in, whether the seed is freed from the seed-coats or 
not. Two processes arc concerned, namely : (1) peroxidase 
reactions in which organic peroxides with water give hydrogen 
peroxide capable of yielding an extra atom of oxygen for carbo- 

^ The present apparatus is an improved version of Fig. T 328 {2nd 
edition). The improvements consist of the Easy-reading R. Q. Gauge 
with its levelling tube N and the graduations arranged to give more 
accurate readings I and II where the difference is small ; also the 
normal thermostat F in place of an imprt) visa! ion ; and the glass nxi E 
inside the bulb C. This rod E is used tirst to scratcli^thc inside of the 
bulb (’ and then, by a slight tap, manipulated by means of the longt'r 
nibber tube at D, the alkali is lilwraled into the llask H. Instead of 
using a thennostat, the total volume of thedlask and its connections 
may be determined, and the gauge readings, as variations of this, 
reduced to N.T.P. 
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hydrate oxidation and twice the normal volume of carbon dioxide, 
thus : 

2 C • H 2 O 2 + O 2 - 2 CO 2 + 2 H 2 O. 

(2) Zymase reactions in which zymase reacts with sugars with 
the production of carbon dioxide and alcohol as in yeast-sugar 
zymasis, thus : 

CgHijOg + zymase = 2 CjHjOH + 2 COg. 

The first process is the main disturbing factor when a large 
fiask and aerobic conditions are used ; the second process is 
dominant under the anaerobic conditions of Ex. 209 below. 



Fig. 18. — R.Q. Apparatus, see text. 


Normal respiration is dominant under the conditions of the 
present experiment, but peroxidase action is always present to 
some extent in moist peas under aerobic conditions, see Chapter 
XXX. 

Advanced methods of determining the R.Q. under conditions 
of a continuous gas-stream are numerous and varied, but outside 
the scope of an elementary class-book such as this. 

206. Changes in Materials, (a) Leaves. Repeat Ex. 203 (b) 
and determine, in addition to the dry weight of each lot of leaves, 
the proportion of water-soluble matter in each lot, by macerating 
the dried and weighed leaves with three successive quantities 
of 50 c.c. water ; collecting, drying and weighing the insoluble 
residue. 

(b) Seeds. The determination of increase in water-soluble 
matter may also be made using seeds, one lot being moistened 
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and kept in the dark for at least two weeks, before the dry 
weight and water-soluble matter is determined, for comparison 
with the same data concerning an equal weight of the original 
seeds, dried at 96° C. until they cease to lose weight (see 
Ex. 203 (b) ). 

(e) Succulents. Oxidation of carbohydrates in succulents 
usually proceeds only to the intermediate stage of organic 
acid production, without the liberation of carbon dioxide. 

(i.) The consequential intake of oxygen without the 
liberation of a corresponding volume of carbon dioxide may 
be demonstrated by fixing a few small leaves of a succulent,^ 
c.g. Sedum spp., Bryophyllum calycimmi, Rochea falcata, etc. 
with glass-wool, or loosely packed cotton-wool, in the upper 
part of a simple test-tube inverted in water. A considerable 
rise of the water into the tube may be observed the following 
morning. 

(ii.) This experiment may be made more precise by using a 
known weight of leaves ^ in a darkened flask attached to the 
H.Q. Gauge. The actual acidity or pH may be examined before 
and after the experiment, using small sections of the succulent 
inesophyll and the The total acidity of a known weight 

of control leaves and of the experimental lot after a night in 
darkness may be determined, by freezing the comminuted leaves, 
expressing the juice (see Ex. 1.59), and titrating this fluid with 
N, 50 potassium hydroxide, using thymol-blue or phenolphthalein 
as an indicator. Both the actual acidity and the total acidity 
show an increase in successful experiments. 

207. Starvation. Place a few' moist seeds or leaves with 
2 c.c. water, and a sliort test-tube or small bottle containing 
10 c.c. 50 per cent, potassium hydroxide not in contact with 
the plant material, in a flask. Place the flask in a darkened 
thermostat at 20*^ C. or 25^^ C. and connect it wdth the R.Q. 
Gauge. Measure, at atmospheric pressure, the volume of 
carbon dioxide absorbed by the alkali, i.e. the difference in 
the gauge readings, daily at the same hour for two or three 
weeks. The llask may be opened daily to bring the gauge 
reading back to about zero, (iraph your results and w'rite 
an explanation (sec Textbook, p. 155). Instead of using a 
thermostat the total volume of the llask and connections 

^ In order to nuike sure of a good result, this expefiiueut should be 
done with leaves which are taken from the plant about 5 p.m. after 
a day of bright sunshine and used immediately. 

^ See Chapter VIII. “ Hydrogen-ion CoiU'ent ration in IMant Cells 
and Tissues,” Small, Borntraegcr, 1929 ; also Chapter XXV. below. 
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may be determined and the gauge readings, as variations of 
this, reduced to total volume at N.T.P., but in that case the 
experiment cannot be extended as in Ex. 211. 

Anaerobic Respiration 

208. Fit the rubber stopper of a small conical flask with a 
glass tube bent twice, thus F, with the short arm through 
the rubber stopper. Place in the flask a small quantity of 
yeast mixed with suflicient of a 10 per cent, sucrose solution 
to fill the flask within 2 inches of the neck. Fix the stopper 
firmly to get an air-tight container. Arrange the long arm 
so that it dips into baryta water or lime water contained in 
an adjacent bottle which should be fitted with a two-hole 
rubber stopper. The bent tube fits through one of the 
holes and a filled soda-lime tube is fitted into the other hole 
to protect the carbon-dioxide absorbent from atmospheric 
contamination. Set aside for several hours. Note the 
evolution of bubbles of gas from the yeast-sugar mixture. 
After a period, depending upon the activity of the yeast, a 
sufficient pressure will be developed to give a bubbling of 
the evolved gas into the baryta water, with a resulting 
precipitation of barium carbonate. Frothing of the yeasty 
fluid may oceur, but the experiment should be completed 
before this froth overflows. On opening the flask, alcohol 
may be detected by its characteristic odour. ^ 

209. Fill a test-tube with mercury and invert it over 
mercury in a trough. Support the inverted tube with a 
clamp-stand, a little above the bottom of the trough. Insert 
four moistened and skinned green peas under the edge of 
the tube. They float up to the top and respire by zymasis, 
with the gradual production of carbon dioxide giving a 
lowering of the mercury, and of alcohol which may be 
detected by the odour. ^ 

210. Viability of Seeds, (a) See Ex. 22, which should be 
carried out at this stage, if omitted earlier. The seeds of willow 
or cypseJae of Coltsfoot (Tussilago farfara) may l>e used. 

(b) Determine the germination capacity of the white mustard 
or other seed from a stock bottle, upon which is entered the 
results of similar exi>eriments in previous years. Graph the 
data given and add your own results. 

1 Small quantities of alcohol may also be detected by distilling the 
mixed fluid, eolleetiiig 2 e.e. of distillate ; warming this with one or 
two small crystals of uxlinc, and adding N/10 potassium hydroxide 
drop by drop until the brown colour disap{M*ars, The characteristic 
odour of iodoform develops, if alcohol is present in the distillate. 
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daylight and the other in darkness or strong shade. After the 
seedlings are several weeks old, eut the shoots into small pieces ; 
freeze these and extract the juice in a plant-press (Fig. 14). 
Evaporate this jiiiee to a small volume on a water-bath ; transfer 
to a test-tube and add half its volume of a 40 j>er cent, solution 
of potassium hydroxide. Boil the mixture and examine the 
vapour for ammonia by means of red litmus paper and a glass 
rod dipped in strong hydrochloric acid, The etiolated plants 
should give the reaction readily, while the juice from green plants 
may not yield ammonia at all. 

NITROGEN FIXATION 

216. Tubercles. Wash the roots of a well-grown bean or 
j)ea plant in running water. Examine and sketch the 
distribution of tubercles. Draw several tubercles on a 
larger scale to show the variations in size and shape. Cut 
thin sections of one tubercle, double stain and make 
permanerit prej)arations. Draw a line diagram showing tlu^ 
location of the cells containing bacteria, and also rej)resenta- 
tive j)arts of the section on a larger scale (Fig. T 330). 

217. Cycas. Examine and draw a prepared transverse seetion 
of the root of Oycas ; a line diagram of the whole seetion and a 
detailed drawing of a small part of the algal zone should be made. 
Note under II. P. the baeteria within the cells as well as in the 
intercellular spaces of the algal zone (see Textbook, p. 102 ; also 
Spratt in Annals of Botany," 20, 1015). 

218. Varieties of Tubercles. Examine all the available 
material of root-tubercles, and note the variations in 
appearance, structure and morphology. Note particularly 
the nuKlilied lateral roots of AIhh.s\ Myrica. and other 
non-leguminous j)lauts with peripheral baeteroidal zones and 
central vascular tissue, as eom})ared with the leguminous 
nodules of external origin which have central baeteroidal 
regions and peripheral vascular strands. 

The nodules of leguminous plants may be grouped as four 
types, thus - 

I. (ienistea? type, with spherical meristem, a broad basal zone 
of vascular tissue and several masses of baeteroidal tissue, e,g. 
LupinuSy Genista, 

II. Phaseoleie and Trifolieie type, with apical meristem, one 
basal vascular strand brandling 1-4, and one editral mass of 
baeteroidal tissue, e.g. Tri folium^ Ononis, Phascolas. 

III. Vieete type, with wcll-dehned apical meristem and two 
separate vascular strands, e.g, Vida, Pisu7n, L lihyras. 


P.B. 


4 
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IV. Miniosoideae type, tubercles persisting for more thati one 
year. See Spratt in “ Annals of Botany,” 82, p. 1 89, 1919. 

219. Comparative Cultures. Prepare three 4-inch llower-pots 
by filling them with well-washed sand and heating them, when 
filled, for three hours in a dry oven slightly above 100'' C. Allow 
the pots to cool within the oven ; meanwhile prepare nine young 
seedlings of bean or pea by removing with a sharp knife the 
cotyledons and all roots which have root nodules appearing on 
them. Plant three seedlings in each pot A, B and C. Water 
pot A with a full water-culture solution ; water B with a similar 
culture solution lacking nitrates ; water pot C with a culture 
solution lacking nitrates, but mixed with about 2 grammes of 
ordinary garden soil. See Kx. 149 for culture solutions. Take 
notes of the condition of the seedlings weekly for two months. At 
the end of that period examine and record the degree of develop- 
ment of tubercles in pot A with nitrates supplied, in pot B deprived 
of both nitrates and bacteria, and in pot C deprived of nitrates, 
but supplied with bacteria. 

220. Soil Bacteria. Obtain a small “ clean ” sample of soil by 
taking about 10 grammes from the centre of a spadeful ; add 
this to 250 c.c. of tap water whicli has been boiled and cooled, 
with a plug of cotton-wool to prevent contamination. Break 
up the soil sample in the water with a sterile glass rod and mix 
wtII. Draw off 10 c.c. of the supernatant lupiid and transfer 
this to a. second flask of 250 c.c. sterile water ; mix; repeat this 
process twice. Inoculate a Petri dish of nutrient agar ^ with 
1 c.c of the liquid from the fourth flask and incubate the plate at 
20'' C. Examine the preparation daily without opening the 
Petri dish. Count the colonies and note their form and colour. 
When the culture is one or two weeks old some of the bacteria 
may be identified by comparison with the figures in Waksman’s 
“ Principles of Soil Microbiology.” Plates opposite pp. 8, 72, 108, 
122, 142, 158, 160, 192. 

Some of the chief forms connected with the nitrogen-cycle 
may be recognised thus : 

Hhizobium ( ~ Pseudomonas or Bacillus) radicicola : variable 
but, in culture, motile and ellipsoidal, about 1 micron long; 
also as minute rods, slightly larger cocci, longer rods and 
bacteroids (Fig. T 830) ; old colonies white. 

Azotobacter chroococcum : usually non-motile, elliptical, usually 
3”6 microns long and 2-8 microns wide, but variable and occurring 

' Nutrient agar may be prepared as follows : to 1 litre of distilled 
water, add in grammes 10 KjHP 04 , 01 MgS 04 . 7 HjO, 01 CaCl,, OT 
NaCl, 0-5 KNO,, 0*5 asparagin, a trace of ferric chloride ; dissolve 
and add 15 grammes agar ; filter when hot and add 10 gramme niannite. 
Adjust the reaction of the medium to pH 7*4. See Waksman for other 
formula?. 



SOIL BACTERIA 


99 


also in sarcina and filamentous forms ; old colonies yellowish- 
brown to brown. 

Clostridium pastor ianum (=- C, biitpricurn, Bacillus amylobacter, 
etc.) ; anaerobic ; multiciliate ; straight, cylimlrical, usually 
2 -8 microns long, single or in pairs or chains ; spores usually at 
one end ; old colonies acid to litmus. 

Granulobacter pectinovorum^ anaerobic ; forms variable, with 
spore at one end ; now regarded as synonymous with Clostridium 
butyricum, Granulobacter butylicum, etc. 

Bacillus asterosporus : aerobic; multiciliate, rods 3-6 microns 
long, single or in pairs ; spores usually cxcentric, stellate in end 
view ; colonies raised, transparent, white to yellow ; fixes 
atmospheric nitrogen. 

N itrosotnorias europacUy oblong, up to 1*8 microns long, with 
polar flagellum three or four times as long as the rod when motile ; 
does not grow well on organic media. 

Nitrobacter wino^radskyi, non-motilc, rods about 1 micron 
king, with pointed non-staining ends ; does not grow well on 
organic media. 

INSECTIVOROUS PLANTS 

These should, as far as possible, be collected in their 
natural habitats and examined as material becomes available. 

brosera 

221. Note the axillary scales or squamuhe, the pctiolar 
marginal hairs and the stalked glands or tentacles of various 
Icngtlis. If the plants arc in llower, note also the small 
anthers and elongated seeds (see “ Poeket-lens Plant Lore,” 
Small, Churchill, No. 119). 

222. Cut part of the white of a hard-boiled egg into millimetre 
cubes and place one on each of several active, briglit red tentacles, 
preferably belonging to different leaves.^ Examine these daily 
and note the gradual rounding of the cubes, which are ultimately 
reduced to small fluid spots. Similar cubes exposed on the wet 
moss show little or no change in the same period. 

223. (a) Place a piece of raw meat about the size of a pin-head 
upon one of the bright red outer tentacles of a young fresh 
Drosera leaf. Watch the head of the tentacle under a dissecting 
microscope or a firmly fixed pocket-lens of short focus. Move- 
ment may be detected within thirty seconds and strong curvature 
in seven or eight minutes. 

(b) Repeat, placing pieces of meat in different positions with 
relation to the centre of the leaf, and note that inflection is 
directed towards the stimulated region, 

^ The plants for Exs. 222-226 may be kept alive in very wet moss in 
a shallow dish. They should be fully illuminated and well aired. 

4— j 
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224. Repeat the above experiment using fragments of broken 
porcelain or coloured glass. Inflection occurs, but is considerably 
slower. 

225. Remove six healthy leaves from the plants by cutting the 
base of the petiole ; immerse three leaves in distilled water and 
the other three in water mixed with a little chalk. Note the 


difference after ten or fifteen minutes. The chalky fluid stimulates 
the leaves to inflection by the repeated contacts of chalk granules 

with the sensitive glandular 



Fig. 19.— Utriculnria door-apparatus: 
hh. trip hairs ; 7n. door-edge or 
flange shut ; o7n. door-edge in trip 
])osition before passing to full 
opening ; v, eutieular fold aeting 


heads of the tentacles. A 
single touch, or repeated 
touches with drops of water, 
will not produce stimula- 
tion. 

226. Prepare a 1 per cent, 
solution of ammonium phos- 
phate ; dilute 2 c.c. of this 
to 1 litre with distilled 
water ; this gives a concen- 
tration of 1 in 50, ()()(). Set 
four leaves in a shallow 
dish of this solution and 
four control leaves in a 
shallow dish of distilled 
water. After one or two 
hours it will be seen that 
stimulation is possible even 
with such a dilute nitro- 


us veil or valve, derived from and genous fluid. 


attached to /. the threshold or 227. Pinguicula. Note 
upper part of p. the pad ; e. hinge draw the leaves in 

region; / thin fukruin ropm stiinula- 

which bends to give o?n. position ; .. .x. ^ .. 

V'. lateral part of veil ; /. lateral the remains 

attachment of door : back wall 'nsects on older leaves. 


of bladder (modified after Lloyd). cross-slice of a 

leaf and examine a side view 


of this under the highest power of a dissecting microscope or a 
inch objective. Note and draw the glandular hairs. 

228. Dionaea. Make a clear line-drawing of one complete leaf. 
Note the apical position of the trap apparatus and the angle made 
by the teeth with the flat surface. Observe the trigger-hairs and, 
if sufficient material be available, cut a small piece from this flat 
part and observe under 1..P. the multicellular sessile glands 
(Fig. T 333). 

229. Pitcher Plants 


(a) Nepenthes. Draw a complete leaf to show the stalk, the 
flat lamina, the tendril stalk of the pitcher, the pitcher (Fig. 
T 334) with its lid and minute spike at the hinge. This spike is 
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the true tip of the leaf. Draw also a median longitudinal 
elevation of a pitcher. Examine the inner surface of cut pieces 
of pitchers, under L.P., for nectaries and crescent-shaped secretory 
glands. 

(b) Other Pitchers. Examine and draw single leaves of fresh 
or museum specimens of Sarracenia, Darlingtonin and Cephalotm, 

230. Utricularia. Examine a living plant, floating in a deep 
Petri half-capsule, under a dissecting microscope. Draw a few 
bladders to show the collapsed and distended conditions. Using 
a dissecting microscope with the highest magnification available 
and a pair of sharp-pointed mounted needles, hold a bladder 
carefully and raise the door to see the flexible flange. With a 
sharp knife cut the door portion from a distended bladder ; 
mount it in water ; examine and draw the hairs upon the upper 
anterior surface of the door and other details as far as they can 
be seen under L.P. (Fig. 1 9). Cut a bladder in pieces, and examine 
the inner surface under H.P. ; note and draw the stellate hairs 
(Fig. T 

231. Lathraea. Examine and draw the leaves of the material 
supplied, liook for the minute opening on the underside of a 
leaf, (’ut a thin section of a leaf ; make a permanent preparation. 
Draw a line diagram of your section and, under H.P., a repre- 
sentative portion of the inner surface of the labyrinth to show a 
few of the scutate and capitate kinds of secretory glands. 

For further details and illustrations see Darwin's Insectivorous 
Plants,'’ Kerner and Oliver's Natural History of Plants,” 
Haberlandt's “ Physiological Plant Anatomy,” also M. C. Cooke’s 
'' Freaks and Marvels of Plant Life.” 

^ The correct interpretation of this mechanism is given by Professor 
F. Fi. Lloyd in “Plant Physiology,” Vol. 4, No. 1, 1929, where the 
Ilexible flange, the valve and the lever action of the “ hairs ” upon the 
door arc described. 



CHAPTER XIII 

BUDS 

232. Examine a complete herbaceous plant or the twig 
of a shrub ; note the axillary buds and the apical buds cither 
on the main shoot or on the branches. Make a diagram to 
show the positions of both kinds of buds in relation to the 
stem and to the leaves or leaf-scars. 

Adventitious Buds 

233. (a) Examine the preparations of leaves and roots 
showing the development of buds which are neither axillary 
nor apical. Make line drawings on a large scale to show the 
place of origin of these buds, e,g, Bryojphyllum leaves, rose 
roots. 


(b) Using the simple germinator (Fig. 5), or other means of 
keeping the material moist, set aside for some time slices of fresh 
root of dandelion or dock or plantain and either two young leaves 
of Bryophyllum cnlycinum or two leaves of Cardamine amara or 
other weed-cress. The last may be cut into as many pieces as 
there are pairs of lobes on the leaf. Note the times taken for 
the development of (i.) adventitious buds, and (ii.) adventitious 
roots {cp. Ex. 93). 

(c) Prepare a shallow earthenware dish of well- washed sand, 
moistened with tap-water. Cut a series of slices J to inch 
thick from a daffodil or tulip bulb, and place these flat on the 
surface of the sand. Cover the slices with a Petri half-capsule 
raised above the sand at one side by a short length of glass tubing. 
Keep the sand moist, but not wet, and note the development of 
adventitious bulblets. This is a crude modification of the 
commercial process for rapid multiplication of bulbs. 

234. Accessory Buds. Examine and sketch the prepared 
specimens of accessory buds, e.g. potato tuber, sycamore, 
walnut, lilac and Fuchsia stems. 

Winter Buds of Biennials 

235. Remove the leaves from the Brussels sprout supplied, 
carefully, one at a time. Lay them out in sequence from 
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base to apex. Continue the process, using dissecting 
needles, until the apex is reached (as in autumn) or until a 
group of flower-buds appears, like a cluster of minute 
drumsticks (as in spring). Draw three leaves to show the 
large, medium and very small types. Make a large-scale 
drawing of the axis of the bud to show (i.) the scars left by 
the leaves removed, and (ii.) the axillary buds. Cut a 
longitudinal slice of these axillary buds and note the con- 
ducting strands of leaf-base and bud. For illustrations see 
“ Pocket-lens Plant Lore,” PI. 21, No. 168. 

236. Compare with the Brussels sprout the strueturc of 
the cabbage and its axillary buds (see ‘‘ P-L. P. L.”, PI. 3, 
No. 19), also the structure of a small part of the wliite heart 
of a cauliflower {Ibid,, PI. 21, No. 167). Make line diagrams 
to show the comparative development of stem, leaves, 
axillary buds, and flower-buds in these three forms of 
Brassica oleracea, 

237. Outdoor Observations. Note the other buds which 
occur in biennials. Compare the apical buds of wallflower 
or snapdragon with the one-year-old rosettes of foxglove and 
mullein. 

238. Winter Buds of Water-plants. Examine and sketch the 
prepared specimens of winter-buds of hydrophytes, c,g. Hydro- 
charis, Hippuris, Utricularia. 

239. Winter Buds of Trees. Examine twigs of the 
following trees : lime, sycamore, horse-chestnut. Make an 
accurate drawing of each, showing (i.) bud-scales, (ii.) young 
foliage leaves, (iii.) bud-scale scars, (iv.) lenticels, (v.) dormant 
or active axillary buds, (vi.) old foliage leaf-scars. Locate 
in your drawings the annual increment of growth in each 
case. Dissect buds from two of the twigs and note the 
nature of the bud-scales. 

240. The winter buds and leaf-scars of trees are frequently 
very characteristic. Many of these are illustrated and 
commented upon in “ Pocket-lens Plant Lore ” ; Plate IV. 
of this is reproduced here as Fig. 20.^ 

Fig. 20 includes : groundsel, with compound flower-buds ; 
white willow, with two leaf-blades fused to form one bud- 
scale ; privet, with an inner bud of leaf-blades, which 

' Further details may be found in the above-mentioned book, or 
in “ Buds and Stipules,^’ by Avebury, published by Kegan Paul, etc., 
London. 



emerges from two scales ; oak, elm and birch, with stipular 
bud-scales ; Aucuba, with leaf-base bud-scale, also a second 



TREE BUDS 


105 


241. Observe with a pocket-lens, as opportunity arises, 
the buds and leaf-scars of the following plants : — 

With leaf-base scales : rose, cherry-laurel, Portugal laurel, 
Aucuba, sycamore, horse-chestnut, rhododendron, flowering 
currant. 

With leaf-blade scales : lilac, willow, privet, pine. 

With entire leaves as outer scales and inner scales : 
stipules, as in alder, leaf-bases as in ash, or leaf-blades as in 
holly. 

With leaf-stalk scales : elder. 

With separate stipular scales : poplar, lime, birch, beech, 
liornbeam, hazel, oak, hawthorn. 

With fused stipular scales : elm, London plane, Spanish 
chestnut, also Magnolia and Griselinia, 

With old leaf-base protection : Philadelphus, 

With ordinary foliage leaves folded as protection : carna- 
tion, Saxifraga urnhrosa. 

For illustrations see “ Pocket-lens Plant Lore.” Small. 
Churchill. 
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BRANCHING AND PHYLLOTAXIS 

242. Twigs, (a) Examine twigs of ash showing several 
years’ growth ; note that the branching is monopodial. 
(b) Examine similar twigs of lime or lilac ; note that the 
branching is sympodial. (c) Examine stunted twigs of 
sycamore ; note that the branching may be monopodial 
and sympodial in alternate years. 

Make annotated drawings of all the twigs examined, 
labelling the buds, leaf-scars, bud-scars and lenticels. Mark 
in each case the year in which each part of the twig elongated 
as a new growth from the bud which left the scars at its base. 

243. Dichotomy. Examine and make annotated drawings 
of the prepared specimens of sea-weeds, ferns, and Phila- 
delphiis. Distinguish between the true dichotomy of the 
lower plants and the false dichotomy of Philadelphus, 

244. Adnation. Examine the prepared specimens of 
Atropa belladonna, Solanum dulcamara f etc., as examples of 
adnation. Make a diagram of two specimens to show the 
relation between the adnate organ and the main stem ; 
noting that the leaf may be fused with the stem in the 
nightshade, while it may be the branch stem and main stem 
whieh are fused in bittersweet. 

245. Short Shoots. Examine the fresh and prepared 
specimens of short shoots. Make annotated drawings of at 
least two of these, labelling the short shoot and the leaf 
which subtends the latter, €,g. pine, larch, Mamillaria, 
barberry. 

PHYLLOTAXIS 

246. Leaves. Examine the fresh plants supplied, e.g, 
groundsel, and plantain or London pride. Determine their 
approximate phyllotaxis according to the Fibonacci series. 
Make diagrams to illustrate the 2/5 and 8/8 divergences. 

247. Determine the approximate phyllotaxis of the other 
plants supplied, e.g. carnation or other member of the 
Caryophyllaceae, iris or leek, Cyperus or Carex, Make 
diagrams to illustrate the 1 12 and 1/3 divergences. 
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248. Flowers. Examine the prc})ared speeimeii of 
Helianthus annuus. This is a capitiilum in fruit with 
sufficient fruits removed to show tlie two kinds of curves. 
Check the numbers of spirals in the curve system. 

249. Obtain a young open flower-head of the daisy or 
other member of the Composita*, and determine the curve 
system in your specimen. Compare the smaller number of 
larger spirals with the number of ray florets in the same 
specimen. In most cases with one row of ray florets these 
numbers will be approximately equal, but with “ doubling ” 
as in the normal daisy the number of ray florets may be 
twice that of the more numerous shorter spirals ; 42, with 
a few extra to give about 45 ; for an illustration see 
“ Pocket-lens Plant Lore,” PI. VII, No. 51. 

250. Cone Scales. Examine carefully the cones of (a) a small 
pine such as Pinus stjlveslris and (b) a larger type such as Pinus 
pinea. Determine the curve system of each one, and note that 
the smaller cone may show numbers which are equal and not 
in the Fibonacci series. 

251. Emergences. Examine a fruit of Raphia and note that 
the scales are not foliar in nature but emergences. Determine 
the curve system. Compare the results of Kxs. 246-251 and 
note that, whether the organs be leaves, tlower-buds, cone-scales 
or merely emergences, they are arranged definitely, as the result 
of the normal origin of one lateral organ at a time together with 
a uniform growth rate ; and that where two organs arise 
simultaneously as in Caryophyllacear, Raphia fruits and some 
pine cones, two genet ical spirals may be traced giving a curve 
system of equal numbers such as (0 + d) or (2 x 3 + - X 8). 
These bijugate systems may have numbers which are double 
those of the Fibonacci series. 

Fingers 

252. Measure carefully on your own left hand the lengths 
of the three phalanges and of the metacarpal bone of each 
digit. These should approximate to the Phi ratio series 
1*0, 1*618, 2*618, 4*286. As an example of a normal long 
digit we may take in centimetres 2*5, 4*0, 6*5, 10*5 ; a 
shorter example with a short metacarpal bone might be 
2*1, 3*4, 5*5, 8*5 cm. Note that the Phi ratio gives an 
additive series, like the Fibonacci scries ; and that the Phi 
ratio, very approximately 5 : 8 or 8 : 18, is a more accurate 
measure of good proportion than the lower members of the 
Fibonacci series. 
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GROWTH 

253. Examine a prepared longitudinal section of a 
root-tip. Using a micrometer eyepiece measure carefully 
the length of every second or every third cell in one of the 
rows from the apical meristem upwards until you have ten 
measurements. Plot these on squared paper, using the 
series 02468, etc., or 0369, etc., as abscissic. Write a brief 
explanation of the form of the curve obtained. 

Distribution of Growth 

254. Root. Choose a germinating broad bean with a 
straight root about 5 to 8 cm. long (see Ex. 261). Mark the 
root from tip to top wdth equidistant lines about 1 -5 to 2’() 
mm. apart. This may be done with a stretched thread 
soaked in ink, but a more rapid and convenient method 
consists of running a wheel with equidistant rubber teeth 
along the root. This graduated wheel or opisometer should 
be inked with printer’s ink or with waterproof Indian ink 
spread on a glass plate with the edge of a piece of paper. 
Measure the spaces from mark to mark with a pocket-lens 
micrometer ; fix the marked seedling in a damp ehatnber, 
e,g, a beaker lined with blotting paper and one-third full of 
water, with a piece of sheet cork to receive the seedling. 

After one or two days note the altered spacing of the marks, 
measure the spaces again and record your results as a diagram 
drawn to scale three times natural size. Note that your 
results give evidence for a “ grand period of growth” for 
each part of the root, the maximum occurring a few 
millimetres from the extreme tip (Fig. T 390 ; see Ex. 267). 

255. Flower-stalk. Using either printer’s ink or water- 
proof Indian ink and the opisometer type of rubber wheel, 
mark a straight flower-stalk with equidistant lines and after 
one or two days record your results in a diagram as before. 
Suitable materials are : young budding scapes of Primula 
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or Polyanthus either attaehed to the plant or cut carefully 
and kept in a test-tube with a little water ; also young 
dandelion scapes in bud or older scapes with the flower-head 
closed and the fruits nearly mature. 

256. Stem. Mark, in the above manner, the stem of a 
healthy young plant, and after one or two days record your 
results in a diagram as before. Suitable materials are young 
stems of potted plants, e.g. bean, Fhaseolus, valerian, either 
potted or growing outdoors. If a twining stem be used 
curious distortions of the lines may be observed, together 
with a maximum growth in internodes which were too young 
to be marked (Fig. T 891). 

257. Leaf-stalk. Choose a reasonably straight leaf-stalk 
of Tropcvolum ; mark it in the above manner, and after 
three or four days record your results in a diagram drawn 
to scale as before (Fig. T 392). 

258. Leaf-blade, (a) Using the opisometer wheel as before, 
mark the so-called leaf-blade of a young daffodil or hyacinth 
from base to apex and make a diagrammatic record of the result 
after three or four days. 

(b) Using a linely pointed brush and waterproof Indian ink 
mark two series of e(piidistant parallel lines, one vseries at right 
angles to the other, on the upper surface of a young leaf-blade, 
left attached to the plant. Draw the outline of the leaf and a 
careful plan of the marks made. After two to four or more 
days make another drawing to show the distortion whieh results 
from growth in area. Suitable materials are : — young leaves of 
Fagopyrurn (Fig. T 898), Bryophyllum calycinum, llelianthns 
aunuusy GriseUnia, lilac, cherry-laurel, etc. 

Temperature Effects 

259. Seedling Stems. Take four 2i or 8 inch Petri 
half-capsules, lit them with discs of blotting-paper, three 
layers of paper in each. Thoroughly wet the paper and 
sprinkle evenly over the wet surface a supply of small seeds, 
e.g, cress, mustard, flax, turnip ; cover with a bell jar and 
leave until germinated. If there is any obvious difference 
amongst the four sets all precocious seedlings should be 
removed. When four uniform sets A, B, C, D have been 
obtained, place each one under a bell ji^r with equal 
illumination, A near the hot-pipe vent of a greenhouse, B in 
the normal heat of a greenhouse, C in a cooler glass-house 
and D over an ice and water mixture. Take the temperatures 
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of each location daily about an hour after mid-day. Note, 
compare and take records of the average stem height, 
general vigour and depth of green. Cress seedlings respond 
readily to differences in temperature.^ 

260. Seedling Roots. Soak about fifty peas in water 
overnight, pour off most of the water and leave the soaked 
seeds in the vessel with the top covered. Wlien germination 
has begun, spread the seeds out in a shallow dish with a 
little water, and choose carefully four lots of eight, all of 
which have the radicles just emerging from the seed-coat. 
Place each set of eight in a closed Petri capsule with wet 
blotting-paper in the bottom, and arrange the sets as A, B, 
C, D in the same locations as Ex. 259. 

Take the temperature daily and after two days measure 
carefully all the radicles in each set. Compare the average 
lengths for the four sets with the temperature differences as 
recorded.^ 

261. Root. The following experiment requires straight, clean, 
well-grown roots on seedlings of Vicia faba, the broad bean. 

Germination of Beans, Seedlings with straight clean roots arc 
easily obtained by impaling moistened seeds on ordinary pins 
and fixing them on a vertical cork-sheet surrounded by a frame, 
with a screen to keep the light out and the moisture in, and a 
continuous flow of tap-water over the surface of the cork (see 
Fig. 21). Broad beans should have two pins,^ one to fix the seed 
firmly to the cork and the second to keep it from being turned 
after the radicle has grown. 

Sachs'* Curvature, Broad beans grown in this way may show a 
curvature in the plane of the cotyledons. This autonomous 
curvature is known as Sachs’ Curvature and such seedlings should 
be rejected. 

Choose a seedling with a suitably straight root about 2 cm. 
long ; arrange this firmly in a museum jar or other vessel with 
flat glass sides. Sufficient water should be present to immerse 
the radicle, but leave the cotyledons above the water-surface. 
The bean root breathes largely by means of an aerating system 
connected with the other parts of the seedling. ^ 

Using the horizontal microscope with an eye piece micrometer, 

^ Students should note that for precise experiments the temperature 
should be cither controlled and constant or recorded continuously by 
a Thermograph (Fig. 9). 

* The purple- black marks around the pins are probably due to the 
amino-acid dihydroxyphenylalanine which occurs in all parts of the 
broad bean and readily oxidises when the tissues are killed. 

■ See C. Hunter in “ Annals of Botany,” 29, 627, 1915. 
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focus carefully upon the extreme tip of the root-cap. Record the 
microrm^ter readings at intervals of five minutes, until the growth 
rate is constant. Take the temperature of the water and adjust 
the microscope. Siphon off all the water and add water at a 
temperature about 10° C. above that of the original until the 
initial level is again obtained. Note the temperature and the 
micrometer reading at intervals of five minutes. The rate of 



Fk;. 21 . — Germinnior for straight roots. Teak, | inch thickTand 
4 inches wide is used for the sides, BC ; connected by li-inch 
bars, 1)K. The |-inch cork matting K forms the back A ; a 
waterproof screen F is attached to 1), and to the roller R. 
Water from the tap P keeps the trough T full to the over- 
How pipe (), and drips through the perforated bottom of 
the tank, the perforations of which have wick-like threads, 

W, to reduce the flow. All screws are brass. The metal 
tray Tii with overflow' pipe allows of the genninator being set 
on the bench beside^ not in^ the sink. Water is then supplied 
to the tank by a rubber connection with the tap. 

gro>vth shows an initial increase with rise in temperature, but 
decreases again a.s the temperature gradually falls. 

When the temperature and growth are again normal and the 
microscope has been adjusted, siphon off the water as before and 
replace it by water in which ice has been melted to give a 
temperature of about 2 to 4° C. Record the temperature and the 
micrometer readings as before ; note the marked decrease in the 
growth rate. 

NM, Broad bean roots are chosen for this experiment because 
they are relatively insensitive to light. See also*Exs. 264 and 
267 (b). 

262. Stems. Using an auxanometer to measure the growth 
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rate, with a thermometer near the plant, and either an electric 
hot-plate or a 60- watt lamp, covered with black cloth on a frame, 
to maintain a rise in temperature of the surrounding air, determine 
the rate of growth in the stem of a potted plant, e.g, bean, sunflower, 
at normal room temperature and at the higher temperature 
obtained as above-mentioned. Here, as in the other three cases, 
increase of temperature in northern laboratories gives an increase 
in growth rate. In dull light the graph of growth rate in Vida 
faba stem may be found to follow closely the temperature graph 
of a Baro-thermograph (Fig. 9). 

Oxygen and Respiration 

263. Repeat Kx. 254, using two sets, each of four bean seedlings, 
and filling one jar with water so that cotyledons as well as roots 
are immersed, while the second set of seedlings are grown in 
damp air. Remeasure after one or two days, and note that the 
total root growth of the completely immersed seedlings is only 
about one-fifth normal. 

264. Set up the seedling, horizontal microscope, etc., as in Kx. 
261. Determine the normal growth rate with only the radicle 
immersed up to the top. Add sulficient water to cover the 
cotyledons completely and record the decrease in th(‘ growth rate. 
Siphon off the excess of water and note the recovery to normal. 

265. Light and Growth Rate. Choose ten mustard seedlings, 
mark each radicle with waterproof Indian ink at one point about 
1 cm. from the extreme tip of the root. Support the marked 
seedlings on perforated zinc or by cotton-wool plugs in perforated 
sheet-cork, in a beaker so that the roots dip into water. Measure 
each root carefully from mark to tip by means of the horizontal 
microscope, using the screw adjustment and vernier. A pocket- 
lens micrometer giving readings within 005 mm. is also suitable, 
and more convenient if the mark be made rather nearer to the 
root-tip. Fix the beaker on a vertical Klinostat ^ in a well- 
illuminated position. 

Rotate the seedlings for three or four hours, and remeasure. 

Cover the beaker with a black cloth and again rotate the 
seedlings for three or four hours. Remeasure again and note 
the greater growth rate in the dark as compared with that in the 
light. 

N.B. Mustard seedling roots are chosen for this experiment 
because they are sensitive to light, but rotation in the light then 
becomes necessary in order to avoid the curvatures resulting 
from unequal illumination. 

266. Light and Etiolation. The effect of light on the 

^ If Small’s Klinostat (Fig. 31) is used a cork plate with a central 
hole should be placed over the boss and the beaker should be tied to 
two of the three parallel bars. 
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formation of chlorophyll is examined in Exs. 173-174. The 
pale colour is, however, only one of the effects of the absence 
of ordinary illumination. The student should combine the 
observations made in Ex. 173 with records of the actual 
average lengths of the seedlings and shoots grown in light 
and in darkness. Notes should also be made of the relative 
development of the leaves under the various light conditions. 
Sections should be made of the thicker stems in the first, 
second and third internodes of the leafy shoots ; and the 
relative starch content together with the development of 
the endoderrnis noted. See Barton Wright in “ Recent 
Advances in Plant Physiology,” pp. 288-289. 

Growth and Turgidity 

267. Plasmolytic Shrinkage, (a) Ex. 254 may be extended by 
placing the root of the seedling in a 10 per cent, solution of sodium 
chloride or j)otassium nitrate for fifteen to thirty minutes and 
remeasuring. It should be noted that the distribution of 
shrinkage in this ease is not strictly parallel to the distribution of 
growth. In other eases these may be almost the same. 

(b) Set up Ex. 204, immersing the radicle only, first in water 
and then in 1 per cent, solution of sodium chloride or potassium 
nitrate. Note the decrease of growth rate in the salt solution, 
which reduces turgidity although it may not plasmolyse. 

268. Differential Turgidity. 

(a) Split one end of a stem into four, longitudinally. 
Observe the outward bends. Immerse the cut ends in 
water and note that the curvature increases. Suitable 
materials are numerous, and include sunflower hypoeotyl. 
bean stem, dandelion flower stalk, also most succulent 
scapiform flower-stalks and other soft stems. 

(b) Take about 25 cm. of rhubarb leaf-stalk, measure it 
carefully. Peel off all the outer skin, being careful to have 
two or three complete strips which run the whole length. As 
soon as possible measure the length of the outer strips, wdiich 
will be shorter, and also the length of the inner part, which 
will be longer. Use this result in a written interpretation 
of the results obtained in (a) above. 

(c) Split the apical portion of a young plurjip bean-root 
into two or three longitudinally. There is no outward 
curvature. Immerse the split part in water and leave it 
for half an hour. Any curvature which occurs is inw^ards. 
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The orientation of the differential turgidity of the tissues is 
reversed, the outer being the more turgid. 

(d) Treat the pulvinus of 
Phaseolus in the same way. 
ijiiiiim m i Again the curvature in water is 

inwards, indicating a greater ex- 
] _ tensibility or a higher suction 
n pressure in the outer tissue. 

i Auxanometers 

5J Many different patterns of 

^ ^ J these instruments are available. 

J p The following references may 

- p* prove useful to advanced 
fj H p students and teachers who may 

- ^ desire to improvise their own 

a wy/ ^ = 

Types: “Textbook of 
' Botany,” by Sachs, pp. 74«, 747. 

“ Physiology of Plants,"’ by Darwin 
j j / and Acton, pp. 149 sqq, 

l/j J Pulley, Recording Type : Haines 

U in Annals of Botany^ 33, 181, 1919. 

y Electrical Condenser Type : Dow - 

p ling, in Phil. Mag., 46, p. 81, 1923 ; 
^ ~ ^1*^^ Mature, 2, 6, 23. 

Optical Lever Types: Bose, 
“ Plant Response,” pp. 7, 16, 416, 
^ Longmans, 1906. 

~ -TT: ' ' — -“rz: £7 For Root Growth : Neilson-Jones, 

Annals of Botany^ 34, p. .555, 1920. 

c TT" ~ See Ex. 270. 

The balanced lever or balanced 
£:i_'~_zrL pulley types give sufficient magni- 

z£ fication for the experiment described 

zzr— Zltl ■ — £ below. A modification of Dowling’s 

“ Ultramicrometer has been success - 

J I L-J fully used for still unpublished in- 

„ „ ^ vestigations in the present writer’s 

I<IG. Auxanonieter, department. 

N.i£ ,?«■ (.)y«ln*tteb«t.v.lteWc 

Jones). self-recording auxanometer obtain 

a record of two successive periods 
of twenty-four hours and plot a graph to show the diurnal periodi- 
city of growth in the stem of a potted plant. Suitable materials 
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are : Narcissus bulbs with young flowering stems% Jerusalem 
artichokes with young vegetative shoots, and young plants of 
Phaseolus, 

(b) Extend the above experiment to include a record of growth 
variations when the plant is kept in the dark for at least two 
successive periods of twenty-four hours. The survival of the 
diurnal periodicity in continuous darkness varies with the plant 
used. 

iV.B. A continuous record of the temperature and relative 
humidity during the experiment, obtained from the Baro-Thermo- 
Hygrograph (Fig. 9), should be considered in relation to the 
graphed results. Growth rate may follow the light conditions, 
or the temperature conditions, or both (see Fig. T 889). 

270. The Neilson- Jones Root Auxanometer. Select a cylindrical 
glass jar of even width, from 5 to 10 cm., also a good cork to fit 
and a piece of glass rod from 5 to 10 mm., according to the 
diameter of the jar. Measure the internal diameter of the jar ^ 
and the diameter of the rod. Bore three holes, two for aeration, 
through the cork. Fit the rod R (Fig. 22) through the cork C, 
so that the rod moves easily in its hole. Push a long pin N 
through the cork ; fix a stiff paper pointer P about 2 cm. long on 
the rod H. Half fill the jar with water ; transfix a healthy 
seedling with a straight root upon the pin ; and place the cork 
firmly in the jar, with the root near the water and the glass rod 
near the bottom. Fix a centimetre scale S vertically just over the 
cork by means of a clamp-stand, so that the pointer P will travel 
along the millimetre divisions when the rod is raised (see Fig. 22). 

Manipulate the pin so that the root-tip just touches the water 
(Fig. 22) ; read the level of the pointer. Withdraw the rod, so 
that the water-level falls. After five minutes, push the rod down 
until the water just touches the root ; read the lever of the pointer 
again. Repeat the process, taking as a measure of growth either 
the time taken for centimetre rises of the rod and pointer or the 
distance moved by the critical position of the pointer in regular 
periods of time, e.g. five or ten minutes. 

Since this method depends upon displacement over the larger 
surface of the water by the smaller rod, the magnification varies 
as the square of the respective diameters (cross-sectional areas) ; 
thus if the ratio of the two diameters, jar and rod, is 10 : 1, the 
magnification obtained will be 100, and therefore each centimetre 
on the scale corresponds to 01 mm., each millimetre to 10 microns. 

In experiments lasting for more than a few hours, aeration and 
evaporation require further refinements, for which the original 
note, A,B,f 34, 555, 1920, should be consulted. The addition of 
the centimetre scale has been made by the present writer in 
order to facilitate measurement. 

^ This may be done by fitting a strip of stiff paper accurately into 
the jar and measuring the width of the strip. 
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SECONDARY GROWTH 
Stems of Dicotyledons 

271, Sunflower 

Ci'T transverse sections of an old stem of sunflower 
(Helianthus), Stain in aniline sulphate and mount in dilute 
glyecrine. Make a line diagram showing the position of 
interfascicular and intrafascicular cambium^ primary and 
secondary xylern, and phloem. Note the d i fference in structure 
of primary and secondary xylem. The primary xylem and 
primary phloem have been separated by the secondary 
tissues formed by the cambium. 

The sunflower, being an annual, does not show successive 
annual rings in the secondary xvlem. See Figs. T 895 and 
T 396. 

272. Lime, T.S. 

Cut transverse sections of the stem of lime tree {Tilia). 
Make a low power line diagram to scale showing : 
(a) Epidermis, possibly absent ; (b) Cortex with cork formed 
from meristem {phellogen) towards the outside ; (e) Stele 
containing : (1) fairly wide ring of phloem ; (2) cambium; 
(3) xylem, primary and secondary ; (4) inedullary rays. 

The secondary xylem now occupies the greater portion 
of the stem. Annual rings of growth may be seen. The 
groups of primary xylem project into the pith. Medullary 
rays are seen in T.S. as narrow lines of cells passing from the 
pith through the xylem and widening out into fan-shaped 
portions which interrupt the ring of phloem. The cells of 
the rays have non-lignified walls and often contain starch 
grains. Under H.P. note and draw carefully : (a) cork 
cambium, and cork consisting of regularly arranged rectangular 
cells formed by the phellogen ; (b) phloem consisting of 
alternating bands of : (1) sieve-tubes, companion cells, phloem 
parenchyma; and (2) thick-walled bast fibres; (c) secondary 
xylem, consisting of vessels, xylem parenchyma and xylem 
fibres. A careful H.P. drawing of (c) should include the 
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junction between autumn and spring wood (cp. Figs. T 397 
and T 398). 

273. Lime, L.S. 

Cut radial longitudinal sections of lime stem (three to 
four years old). Stain with aniline sulphate and mount in 
glycerine. 

Note and draw the following tissues : (1) band of cork 
which presents the same appearance as in T.S. ; (2) cortical 
tissue ; (3) phloem, the pliloem fibres appear as narrow 
elongated pointed cells with very thick walls ; in the spaces 
between the strands of fibres, sieve-tubes with oblique 
terminal walls, each bearing three to five sieve-plates, may 
be seen (look also for companion-cells and phloem 
parenchyma) : (4) cambium appears as a narrow band of 
cells with thin walls and abundant protoplasm : (5) xylem. 
Observe the following, all of which have lignified walls ; 
(a) the larger vessels with septa partially or completely 
absorbed ; (b) smaller tracheids in which no perforation 

occurs ; (c) xylem fibres — elongated pointed elements with 
simple pits on their walls ; (d) xylem parenchyma — the 

walls are lignified and pitted, and the cells have living 
contents, often also starch grains. 

The conducting elements of the secondary xylem have 
both pitted and spiral markings on the same wall. 

Examine and draw the medullary rays in tlie xylem and 
in the phloem. 

274. Timbers 

(a) Examine demonstration specimens of oak and other 
timbers showing secondary thickening ; note particularly 
the annual rings of xylem and the medullary rays. 

(b) Examine and note the characters of the woods used 
in medicine, e.g, sappan, logwood, quassia, guaiacum, 
berberis, red and yellow sandalwood. 

275. Pocket-lens Observations. Examine a series of 
tree-twigs in transverse slices, or cut surfaces, with a 
pocket-lens. Make diagrammatic records of your observa- 
tions, including the annual rings, relative development of 
large vessels and medullary rays. See “ Pocket-lens Plant 
Lore.” 

276. Examine prepared sections of stems lowing unusual 
secondary thickening. Make annotated diagrams of the general 
anatomy and take notes of the points which are departures 
from the usual arrangement. Suitable materials are transverse 



118 SECONDARY GROWTH 

sections of old stems of Cucurbita, Aristolochia (Fig. T 399), 
Clematis (Fig. T 490), Dracaena (Figs. T 402-403), also old woody 
stems of Senecio angulatusy and Piper spp. 

277 . Note the prepared specimens or sections of woody Hanes 
showing abnormal secondary growth, e.g, Bignonia veniista and 
other species, Serjania spp., Bauhinia spp. 

Stems of Gymnosperms 

278 . Cut and mount a transverse section of a thrce-year-old 
twig of Pinus, Make an annotated diagram of the general 
anatomy, and a detailed drawing under H.P. of a small part of 
the younger secondary wood, to show the regular radial arrange- 
ment, bordered pits, and one resin canal (Figs. T 404 -405). 

279 . Examine and draw prepared sections of the old stems of 
Ephedra sinicn and Ephedra equisetina. Note the absence of 
large vessels from the former and their presence in the latter 
section ; note also the distribution of the groups of scleren- 
chymatous fibres in the two sections. E, sinica is used in medicine. 

Roots 

280. Bean. Make comparative diagrams of the prepared 
transverse sections of young and old bean roots. Explain 
the small size of the old root as compared with its increased 
xylem and as compared with the thicker younger roots. 

281. Lime. Cut a transverse section of old root of lime 
(Tilia), Stain in aniline sulphate and mount in glycerine. 
Make a L.P. line diagram of the whole and a H.P. drawing 
of part of the section. Note : (a) centripetal primary xylem, 
consisting oiprotoxylem and metaxylem, occupying the central 
part of the root and surrounding the pitli ; (b) centrifugal 
secondary xylem, surrounding and lying between the groups 
of primary xylem ; (c) cambium cells lying between and 
giving rise to secondary xylem on the inner side and 
secondary phloem on the outer side ; (d) cork layer, phellogen 
arises in the pericycle of the root and not in the cortex as 
in the stem. Remains of dead cortex may possibly be seen 
outside the cork. Compare Fig. T 407. 

282 . Cut a transverse section of the thin lower part of a beetroot 
or other meml>er of the Chenopodiacea^. Make an annotated 
diagram of the general anatomy and write explanatory notes on 
the anomalous secondary growth. 

283. Cut a series of thin sections of the carrot, from the 
thin end upwards. Prepare a set of diagrams to show the 
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arrangement and position of lignified xylem elements, the 
development of central parenchyma, the position and 
arrangement of the densely coloured tissues in the phloem 
zone. Write a brief comparative note on the two ends of 
the series, including an explanation of the differences. 

284. Roots used in Medicine. Examine and sketch the smoothly 
cut surface of the following? medicinal roots or rhizomes, and 
write explanatory notes on the structures which are seen, using 
a pocket-lens for details. With abnormal secondary growth or 
other unusual features : black snakeroot, pareira root, calumba 
root, Mexican scammony, rhubarb, sumbul, jalap, turpeth (very 
large vessels), inula root (oil glands), bloodroot (red secretory 
cells), dandelion (zones of laticiferous tissue). With a more 
usual structure and variations : liquorice, gelsemium, hellebore, 
aconite, senega, rhatany, ginger, orris, marshmallow, ipecacuanha, 
pellitory, gentian, horseradish, belladonna. 

Periderm and Barks 

285. Phellogen. Cut very thin transverse sections of the 
outer part of the mature stem of elder (Sambucus nigra). 
Examine these carefully and select a good part of one 
section ; draw this under H.P. to show the form, position 
and arrangement of cork cells, phellogen and phelloderm. 

286. Lenticels. (a) Using the same material as above, 
cut a thin transverse section passing through a lenticel ; 
draw this to show the incurving phellogen, the closing layer 
of cork, which may be broken ; the loose rounded external 
complementary cells, and the internal phelloderm. Label 
all the tissues. 

(b) From a sliver of the old woody stem of the elder, cut 
‘a comparatively tliick section of an old lenticel. Make an 
annotated diagram to show the alternate broken layers of 
closing cork cells and the remains of the alternating layers 
of complementary cells (see “ Pocket-lens Plant Lore,” 
PI. 22, No. 170, for illustration). 

287. Cork. Investigate with a pocket-lens the annual 
zones, lenticels, and cork cells of ordinary bottle cork in 
both long corks and flat corks (see “ P-1. P. L.,” No. 151). 

288. Origin of Phellogen. Observe, in transverse section 
under L.P., the relative survival of primary corteK in old branches 
of Solatium dulcamara^ barberry, Rihes and Spiraea^ also twigs of 
sycamore or beech. Pharmaceutical students should also compare 
with these a transverse section of valerian root. 
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289. Barks. The form of the phellogen, primary and 
persistent as in beech and sycamore, or secondary, scaly and 
curving outwards in various ways according to the large 
size of the interrupted areas of phellogen as in London plane, 
or the smaller flat areas as in oak or deeply curved areas as 
in alder, or very numerous flat areas as in birch ; all these 
and others may be studied either with the unaided eye or 
with a lens by cutting out a longitudinal strip about 1 cm. 
wide and 3 cm. long from the boles of the trees and then 
making smooth cuts across the transverse surface (see “ P-1. 
P. L.,” Nos. 152-154, for representative examples). 

290. Barks used in Medicine. The secondary outer tissues of 
many plants contain alkaloids and other medicinal substances. 
The student should have some acquaintance with examples of 
these useful barks, e.g. relatively smooth with transverse lentieel 
cracks — wild cherry, alder, buckthorn, cascara sagrada ; relatively 
rough with deep transverse cracks — cinchona, yohimbe, Oliver's 
bark, witch-hazel, cascarilla ; relatively smooth — eanella, 
euonymus, cassia ; inner barks — cinnamon, slippery elm, (piillaia. 

Leaf-fall 

291. In the autumn, observe the ease with which leaves 
of deciduous trees may be removed from the twigs, leaving 
a clean, smooth surface as the beginning of a leaf-scar. 
Select twigs from two such species and cut a series of 
longitudinal slices including leaf-base and twig-stem. 
Observe and sketch the general appearance, and mark 
carefully the position of the transverse abscission zone. 
Suitable materials are horse-chestnut, sycamore, alder and 
lime (see “ Pocket-lens Plant Lore,” Nos. 149, 150, 156). 

292. Extend the previous exercise to the making of permanent 
preparations, using selected thin longitudinal sections. Examine 
these under H.P. ; draw the details of phellogen, cork, and the 
abscission phelloderm of loose cells between the cork layer of the 
leaf-scar and the deciduous part of the leaf-base. Suitable 
materials are twigs of the above-mentioned trees, collected in the 
autumn and used either fresh or pickled. 

JVo/e. — Advanced students and those preparing for pharmacognosy 
will find “ An Introduction to Plant Anatomy,” by A. J. Eames and 
L. H. MacDaniels, very useful. 
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CLIMBING PLANTS 
Twiners 

293. Examine and sketch the specimens of twining stems 
supplied. Note the direction of the nearer parts of the 
spiral, rising from left to right or right to left. Draw 
diagrams of the twiners and their supports as seen from 
above, each with a curved arrow to indicate the anti- 
clockwise or clockwise direction of the twining. Suitable 
materials arc pieces of thin supports with the corresponding 
part of the twining stem of runner bean, great bindweed, 
black bindweed, hop, honeysuckle and black bryony. 

294. Circumnutation. Using potted plants, or if necessary 
woody shoots recently cut, firmly planted and supported by a 
cane in moist soil, observe and make a record of the movement 
of the apex of a twining stem, e.g. runner bean, great bindweed, 
hop, or honeysuckle. A convenient method of obtaining a 
record is the following : Arrange the pot on the floor ; fix a glass 
plate in a clamp-stand about 3 inches above the stem apex, also a 
piece of thick cardboard, about 6 inches square, 9 inches above 
the glass plate. View the stem apex through a small hole in the 
centre of the cardboard, and mark a dot with Indian ink on the 
plate, so that the dot, the hole and the stem apex are in alignment. 
Repeat this every ten or fifteen minutes for two or three hours, 
numbering the dots in the order in which they are made. Copy 
the record from the glass plate into your notebook and state the 
tinie taken for one circumnutatory circle. 

295. Examine and sketch the prepared specimen of 
Cuscuta, Note the points of attachment to the host plant 
and the direction of the twining, anti-clockwise (Fig. T 297). 

Tendrils 

« 

296. Examine fresh or prepared specimens of the various 
kinds of tendrils. Make a careful drawing of each to show 
the morphological nature of the tendril by means of its 
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relation to other parts of the plant. Suitable materials are 
fresh specimens, or if necessary museum specimens, of the 
following plants with tendrils : pea, vetch, Virginia creeper, 
Clematis, Tropceolum (tricolorum or majus not minus) ; also 
Bryonia dioica, Cobcea scandens, Smilax, Bauhmia, some 
species of Cucurbita and Passijlora, also Cucuniis sativa, the 
cucumber. 

297. The following experiments should be attempted only on 
a hot sunny day, preferably in the open. 

(a) Select a tendril which has only a slight curve, not a hook, 
near the tip ; hold the lower portion of the leaf or stem so that the 
apical curve of the tendril is horizontally over the dial of a watch 
with a “ second ” hand ; stimulate the tendril by gently drawing 
a match-stick or small twig along the inner surface of the curve ; 
then hold it steadily and note the number of seconds which elapse 
before any curvature can be detected. The ‘‘ minute ” lines or 
the more sharply curved “ second ” line of the watch-dial give a 
reference curve for the tendril. Provided the primary conditions 
are observed, suitable plants are Bryonia dioicn, garden pea, 
sweet pea and other species of Lathyrus, Bryony may respond 
in less than ten seconds. 

(b) If a response be obtained in less than three minutes, the 
above experiment may be extended by selecting a similar tendril 
and rubbing gently the outer side of the curve ; this may not 
cause movement. The inner side should then be stimulated as 
before and the outer side again rubbed gently. 

(c) A further experiment may be carried out about the same 
time. Draw the smoothly polished surface of a fountain-pen 
case along the curve of a fresh tendril. If the vulcanite surface 
is clean and free from scratches there is no stimulation. Repeat 
this using the edge of the pen-nib or a rough twig as before. 

(d) The localisation of the sensitive area should be tested by 
attempted stimulation of other parts of the tendril. 

Root Climbers 

298, (a) Examine and draw on a large scale a small part 
of young ivy stem with adventitious climbing rootlets. 
Compare the form of these rootlets with that of rootlets 
which have been attached to a support. Draw some of 
the latter on the same scale to show the flattened form, 
(b) The young green spheres and old grey discs of the 
flower-bud tendrils of Virginia creeper (Ampelopsis veitchii 
not A. hederacea) should be drawn beside these roots, as a 
similar adhesive mechanism. 
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299. Examine and sketch the climbing roots of Ficus re pens 
and other available prepared specimens with adventitious climbing 
roots, e,g, lianes, Hoija carnosa^ Tecoma radicans, Marcgravia 
dubia, etc. 

Hook Climbers 

300. Examine and draw carefully, under a dissecting 
microscope or good pocket-lens, a few of the hooks which 
occur on Galium aparine. Note the swollen spreading base 
and the curve of the thin apical portion. 

301. Make two series of outline drawings of the hooked spines 
from (a) 12 inches of rose stem and (b) 12 inches of bramble or 
blackberry stem. Note and draw particularly the extremes in 
the range of variation which may be observed ; these will be very 
distinct in the bramble and less din’erent in the rose. 

Scramblers 

302. As opportunity arises observe and make records of 
the mode of scrambling shown by Stellaria holostea, couch- 
grass, or other hedgerow scramblers. 

More advanced students are advised to consult Darwin’s 
“ Climbing Plants,” and to note the methods of climbing 
adopted by other exotic plants in the hothouses of public 
gardens. 
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RESERVE MATERIALS 

The investigation of the distribution of reserve materials 
and the identification of such substances as occur are 
largely matters beyond the scope of a first-year course, but 
second-year students should have a working knowledge 
of the simpler tests which may be applied, and of the general 
results of simple investigations. Some very elementary 
exercises for first-year students are grouped below. 

Elementary Exercises 

303. Cut a maize fruit, which has been soaked in water, 
in half longitudinally. Apply iodine solution to the cut 
surface ; map the distribution of starch as indicated by the 
blue colour. Using a pocket-lens, examine the outer layers 
of the endosperm for a brown line. Note the light brown 
colour of parts of the embryo. 

Cut a thin section from the clean surface and draw a few 
of the starch grains under H.P. 

Examine the outer cells of the endosperm and draw a few 
of them to show the granular protein contents. 

304. Using iodine solution on thin sections, investigate 
the nature of the reserve materials in the cotyledons of 
bean or pea and lupin, also the rhizome of iris collected in 
the autumn. Draw the starch and protein grains as seen 
under H.P. 

305. Squeeze a small quantity of the milky fluid from 
germinating barley on to a slide ; add a drop of water and 
a cover-slip. Examine and draw, under H.P., a few of the 
corroded starch grains, as one example of a stage in the 
utilisation of reserves. 

306. Examine freshly cut sections of dahlia tubers which 
have been soaked for several weeks in alcohol. Note the 
inulin crystal-aggregates of various sizes. Draw representa- 
tive parts of the section to show that these crystalline masses 
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may be derived from one cell or many cells. The alcohol 
kills the cells and the water-soluble iniilin may crystallise 
in the alcohol over several cell walls. 

307. Using Soudan red or tincture of alkanet, both of 
which give a red or pink stain with most fats and fixed oils, 
investigate under the microscope the nature of the reserve 
materials in sunflower cotyledons, Brazil nut, and coconut 
endosperm. Draw a few cells of each and indicate the cell 
contents. 

308. Place three squash preparations, or very thin sections, 
from small portions of the endosperm of a castor bean, on 
different slides. Apply to one a drop of Soudan red or 
alkanet and note the positive result for oil. Apply to a 
second preparation a drop of iodine solution and a cover- 
slip, note under H.P. the brown colour of the crystalloid. 
Apply to the third preparation a drop of dilute hydrochloric 
acid and a cover-slip, note under H.P. the solution of the 
globoid. Make a careful drawing, under H.P., of a few cells 
with their contents from the first or second preparation. 

Advanced Exercises 

309. Starch. Examine, draw under H.P., and measure with 
an eyepiece micrometer starch grains from a variety of plants, 
e.g. potato, wheat, barley, rice, maize, bean, pea, arrowroot, sago, 
ginger, turmeric. 

The position and character of the hilum and striations should 
be noted carefully where they occur. 

310. Draw a diagram to scale of each kind of starch grain used 
in Ex. 309 as seen by polarised light with crossed prisms. 

Rotate the upper prism or analyser, and note the similar 
movement in the image ; this indicates the sphaero-crystalline 
nature of the starch grain. (!ompare this phenomenon with the 
similar case of spha'ro-crx'stal aggregates of calcium oxalate. 

311. Prepare a diastatic medium by mixing extract of malt 
with approximately twice its volume of water. Mount a variety 
of starch grains as above in drops of this freshly prepared medium 
and examine them from time to time during a })eriod of about 
three days. Record the various stages of erosion and disintegra- 
tion. 

312. Amyloid. Cut a thin section of the ripe, dry pericarp of 
TrojHeoluniy mount it in iodine solution and note the blue colour 
which results from the amyloid content of the cell walls. 

SUGARS 

313. Mount a thin cross-slice of onion or squill or other suitable 
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bulb-scale on a slide with a few drops of freshly mixed Fehling’s 
solution ; add a cover-slip and warm carefully for a few minutes 
over a small flame. Examine under L.P. and note the red 
precipitate which indicates reducing sugars, i,e, pentoses, hexoses 
or maltose. If a positive result is not obtained, warm another 
slice with dilute sulphuric acid for five minutes ; irrigate with 
dilute alkali ; add Fehling’s solution and warm as before. A 
positive result now indicates the presence of sucrose. 

314. Osazones. (a) Test-solution of phenyl-hydrazine hydro- 
chloride is prepared freshly by adding about ()-5 gramme of that 
substance and 1 gramme of solid sodium acetate to 1 c.c. of strong 
(33 per cent.) acetic acid. The solution to be tested in vitro is 
added, and the whole mixture heated in a test-tube with a plug 
of cotton-wool at the top for from five minutes to one hour on a 
boiling water-bath. On cooling slowly the osazone of the sugar 
crystallises out in a characteristic fashion and the crystal form 
under the microscope helps in the identification of the kind of 
sugar. 

Glucose and levulose yield fine golden-yellow needles in fan- 
shaped bundles after fifteen minutes ; 

Maltose yields broad lemon-yellow crystals, single or in clusters, 
after an hour ; 

Mannose yields small stellate clusters of yellow crystals after 
five minutes ; 

Arabinose and xylose yield very slender, long, yellow crystals 
after an hour ; 

Sucrose does not yield an osazone itself, but may hydrolyse 
and form dextrose and levulose osazones. 

(b) For use on fresh plant materials, the phenyl-hydrazine 
hydrochloride is prepared as a 10 per cent, solution in pure 
glycerine A, and the sodium acetate as a 10 per cent, solution in 
pure glycerine B, and both arc kept separately in amber drop 
bottles. The solutions A and B are mixed on the slide ; the 
sections are mounted in the mixture, a cover-slip is added and 
the preparation heated in a water-oven for at least twenty-four 
hours. On cooling the distribution of the osazone crystals 
approximates to that of the sugars in the section. See Mangham 
in New Phytologist, 10, p. 164, 1911. 

315. Pentose and Hexose. (a) Prepare a solution of arabinose, 
hydrolysing the pentosan “ araban ” by boiling a little gum 
acacia for five minutes in 5 c.c. of 10 per cent. HCl ; add 5 c.c. 
strong hydrochloric acid and a few grains of orcin ; warm gently 
with a small flame. Note the bluish purple colour given by 
pentoses ; this may darken and change rapidly. 

(b) Prepare a 1 per cent, solution of dextrose ; take 5 c.c. of 
this, add 5 c.c. strong hydrochloric acid and a few grains of 
orcin ; warm gently. Note the red colour given by hexoses. 

(c) Pentoses treated with strong hydrochloric acid as above (b), 
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give a bright red colour when phloroglucinol is added ; hexoses 
give no colour. See also Ex. 319. 

Ketone and Aldehyde Sugars 

316. (a) Add to 5 c.c. of Seliwanoff’s solution ^ a few grains of 
pure levulose (ketone), boil and note the red colour, which may be 
followed by a red precipitate ; see also Ex. 317. 

(b) Add to 5 c.c. of Seliwanoff’s solution a few grains of pure 
dextrose (aldehyde) ; boil and note that no red colour develops. 
OTHER CARBOHYDRATES 

317. Inulin. (a) Examine sections of suitable material which 
has been immersed in alcohol for at least three weeks. Note the 
sphjcroidal aggregates as in Ex. 306. Suitable materials are the 
underground parts of Helianthus tuberosus^ Cichorium intybuSy 
Taraxacum officUmlCy collected in the autumn. 

(b) Using pure inulin in powder apply : 

(i.) Seliwanoff's test, see Ex. 316 (a) —red colour is obtained, 
(ii.) Fchling’s test, red colour or red precipitate is not 
obtained (distinction from ketone sugars). 

318. Mannan (Hemi-cellulose). (a) Cut a thin section of a 
date stone. Draw a few ceils, under H.P., to show the thick 
walls. Add chlor-zinc-iodine and note that the walls give the 
blue colour of cellulose. 

(b) Boil two or three complete cross-slices of the date stone 
in 2 c.c. dilute sulphuric acid for ten minutes in a test-tube. 
Neutralise carefully and divide the solution into two halves ; 
add one half to the “ phenyl hydrazine test solution ” and warm, 
see Ex. 314 ; cool and note the rapid formation of osazone crystals. 
This rapidity is characteristic of mannose into which the mannan 
or hemi-cellulose is hydrolysed by the acid. Add the other half 
to prepared Fehling’s solution and boil ; reduction by the mono- 
saccharide mannose occurs. Other sources of mannan hemi- 
cellulose are vegetable ivory, coffee beans, onion and clover seeds, 
but complications occur with all these in the above tests. 

319. Pentosans, (a) For araban, see Ex. 315 (a). 

(b) Xylan. Using bran, sawdust, chopped straw or ground 
shells of coconut or walnut as materials, extract about J gramme 
of material with three successive 10 c.c. portions of strong alcohol 
to remove sugars ; dry the residue carefully without charring, 
add 5 c.c. strong hydrochloric acid ; warm gently for a few 
minutes ; and add a few grains of orcinol.® The bluish-purple of 
pentose reaction may be further confirmed by adding two drops 
of strong ferric chloride solution and 2 c.c amyl alcohol. A green 
colour in the amyl alcohol layer is a further indication of the 
pentose sugar xylose. 

^ See Appendix II. 

* With sawdust and other lignified material a red colour may develop 
with the acid alone, before orcinol is added ; this is due to the phloro- 
glucinol component of the lignin. 
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Gums and Mucilages 

320. Using separate small quantities of mucilage of acacia 
(gum acacia mixed with an equal part of water) : 

(a) Add alcohol — white flocculent precipitate. 

(b) Add solution of lead subacetate ^ — granular yellowish 
precipitate. 

Using small fragments of gum acacia recently added to water ; 

(c) Add corallin soda ^ — the particles stain red. 

(d) Add two drops of 1 per cent, methylene blue — the particles 
stain blue. 

(e) Add five drops of chlor-zinc-iodine ^ — the particles stain 
bluish. 

321. Using thin slices of the leaves of Bryophyllum atlycinum, 
apply the test solutions of (b), (c), (d) and (e) above. Note the 
positive reaction for mucilage in the cells of the bundle sheath 
and in some rows of hypodernial cells. These simie cells give 
the “ acid colour ” with brom-cresol purple, diethyl red, methyl 
red and brom-cresol green, also the “ alkaline colour with 
brom-phenol blue, indicating an acid reaction of about pi I 40 
(see Chapter XXV.). 

322. Pectin. Press out the juice from a small quantity of 
gooseberries or red currants, using a plant-press (Fig. 14) ; allow 
the juice to clear as much as possible by subsidence. Decant 
the upper portion and add three times its volume of strong alcohol 
(98 per cent.). Filter off the gelatinous precipitate and dissolve 
some of it in a small (juantity of water. Using 2 c.c. portions 
of the solution : 

(a) Add strong hydrochloric acid — no precipitate. 

(b) Add 5 per cent, calcium chloride solution— no precipi- 
tate. 

(c) Add enough potassium hydroxide solution to render 
the mixture alkaline ; set aside for fifteen minutes, repeat test 
(a) as above — the mixture, which now contains pectic acid, 
gelatinises. 

(d) Treat as for (c), but add calcium chloride instead of acid 
(see (b) above) — a gelatinous precipitate composed of calcium 
pectate separates. 

(e) and (f). Apply the pentose tests given in Exs. 31.5 and 319 ; 
pentose reactions are obtained. 

PROTEINS 

323. Compare in thin sections of the seed, stained with iodine, 
the protein granules of bean, pea, lupin and cereals with the 
aleurone grains of Ricirius, Brazil nut, sweet almond, pine 
kernels or areca nut, which have a membrane and a crystalloid 
and globoid. 

324. Using some of the materials as above, Ex. 323, apply to 

^ See Appendix II. 
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thin sections the following tests, and observe the results under the 
microscope : 

(a) Mount in iodine solution — proteins are stained brown or 
yellow. 

(b) Mount in reasonably fresh Mi lion’s reagent ^ and set aside 
for ten to thirty minutes — proteins are stained a briek-red 
colour. 

(c) Mount in 50 per cent. IINO 3 and warm — proteins are stained 
yellow. Add a few drops of a strong solution of potassium 
hydroxide — the yellow is intensified. 

(d) Mount in a saturated aqueous solution of picric acid ; set 
aside for ten minutes and transfer to water — proteins are stained 
yellow. 

325. Albumin. Shake 1 gramme of whole wheaten flour with 
10 c.e. of water ; set aside, shaking occasionally, for about four 
hours ; filter ; warm slowly ; albumin is precipitated when the 
mixture boils. 

326. Globulin. Crush three castor beans or one Brazil nut 
in a small mortar ; add 30 c.c. of 5 per cent, aqueous sodium 
chloride ; transfer to an evaporating basin on a water-bath ; 
warm carefully below GO"" C. and triturate occasionally for two to 
four hours ; filter while warm, separate the filtrate into live 
portions, and apply the following tests. 

(a) Cool — globulin may crystallise out. 

(b) Boil globulin may precipitate. 

(c) Add a little acid — globulin may precipitate. 

(d) Add enough sulphate of ammonia or of sodium to saturate 
the solution ; if no precipitate is formed, raise the temperature 
gradually on a water-bath to 82"^— 35° C. — globulin precipitates. 

(c) Transfer the fifth portion to a tube of 1 cm. bore - with a 
membrane of gold-beater’s skin across one end ; set this aside 
suspended just under the surface of about 100 c.c. of water in a 
beaker, for dialysis of the salt. After one or two days remove the 
membrane and examine its inner surface, under L.P., for crystals 
of globulin. The results of tests (a) to (e) depend upon the degree 
of success in the original extraction of the globulin by the salt 
solution. 

Note, The conjugated proteins and derived proteins do not 
occur as reserve materials to the same extent as albumins and 
globulins. Advanced students will find the experimental 
procedure, many other details and further tests for proteins of 
various kinds in Onslow's Practical Plant Biochemistry.” 

FATS AND FIXED OILS 

327. Fixed Oils. Using thin sections of the cotyledons of 

« 

^ Sec Appendix II. 

* Such as a straight soda-lime tube or a test-tube with the bottom 
fused and blown out. 
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sunflower, the endosperm of castor bean or coconut, or Brazil 
nut kernel, apply the following tests and examine the results 
under the microscope : 

(a) Mount in tincture of alkanet — oil globules stain red or pink. 

(b) Mount in 1 per cent, aqueous solution of osmic acid — oil 
globules stain brown, becoming gradually almost black. 

(c) Mount in ammoniacal solution of potassium hydroxide ; 
warm gently — fixed oil is saponified. 

(d) Set aside in a small stoppered tube of equal parts of alcohol 
and ether ; mount in the ether-alcohol with a cover-slip — oil 
globules disappear, passing into solution. 

(e) Repeat as for (d), using 90 per cent, alcohol and no ether — - 
all except Ricintis show no solution of the oil globules. 

328. Fats and Oil Plasm. The usual microchemical tests may 
be unsatisfactory with solid fats and also with oil which is pro- 
tected by emulsification in the cytoplasm. 

(a) Examine thin sections of cocoa (Theohroma) kernels ; note 
the more or less distinctly radiate structure of the large colourless 
masses in most of the cells. Mount a section in a few drops of 
water ; add a cover-slip and warm gently over a small flame, 
until the water boils ; note that the fat is now in the form of 
globules which readily give the usual tests (Ex. 327 (a) to (e) ). 

(b) Examine thin sections of fennel fruit (Fccniciilnm) ; note 
the granular contents of the endosperm cells ; heat carefully to 
the boiling point as before and observe the resulting liberation of 
the oil from the oil plasm, as free globules. This globule formation 
may also be observed by warming gently in chloral hydrate 
solution. 

(c) Cut a few thin sections from a flat cross-cut of the dry seed 
of Strychnos nux-vomica. Flatten one of these as much as possible 
in the dry state ; mount it under a cover-slip in alcohol ; observe 
the cell walls near the thinner edge of the section. Irrigate with 
aqueous iodine, watching the section in the meantime ; observe 
the extensive swelling of the cell walls ; warm the preparation 
gently and note the further swelling of the cell walls. These 
extraordinary phenomena indicate that the cell wall in this case 
is a mucilaginous cellulose. Note the plasmodesma or system 
of connecting threads of cytoplasm passing through the walls. 

Mount another section under a cover-slip in cold water ; 
observe the granular contents of the endosperm cells, which stain 
brown with iodine (indicating protein) and do not readily give 
the alkanet or osmic acid tests for fat. 

Heat to the boiling point ; note that the fat is now freed from 
the oil plasm in the form of globules which readily give the usual 
tests as in Ex. 327 (a) to (e). 

329. Volatile Oil. This is usually present in small quantities 
and may be detected by its odour, red stain with alkanet, solubility 
in 90 per cent, alcohol and absence of saponification with 
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ammoniacal potash. Globules may be found in sections of 
orange or lemon peel and in the lower part of clove flower- 
buds. 

GLUCOSIDES 

330. Cyanogenetic Glucosides. The enzymic hydrolysis of 
these, which yields prussic acid, involves crushing the tissues to 
bring the enzyme into contact with the glucoside, and this process 
is hastened by killing the cells with chloroform. Three corked 
test-tubes are fitted with sodium picrate paper ^ between the 
cork and the top of the tube. 

The uninjured material is placed in one tube A, as a control ; 
the crushed material is placed in the other two tubes BC, to one 
of which, C, a few drops of chloroform are added. The yellow 
picrate paper remains yellow in A ; changes slowly through orange 
to pink or red in B ; and rapidly to pink or red in C. 

Suitable materials are cherry-laurel leaves, bitter almonds, 
apple seeds, also fresh plants of Lotus corniculntus and leaves of 
Arum maculatum, 

331. Saponins. Add to 50 c.c. of water in a bottle of 500 c.c. 
capacity, a few scrapings of quillaia bark or Saponaria root. 
Shake vigorously at intervals during twenty-four hours ; frothing 
indicates saponin. Transfer about 2 c.c. of the liquid to a test- 
tube ; add 1 c.c. dilute sulphuric acid ; boil gently for five 
minutes ; neutralise ; add fresh Fehling’s solution ; warm 
gently ; reducing sugars produced by hydrolysis will give 
reduction. 

332. Salicin. Boil a little of this glucoside with 5 c.c. dilute 
sulphuric acid, and divide into two portions. To one portion 
add ferric chloride solution, when a purple colour will indicate 
salicylic alcohol, one of the products of hydrolysis. Neutralise 
the other portion, evaporate on a water-bath to small bulk ; add 
fresh Fehling’s solution, when reduction will indicate glucose, the 
other product of hydrolysis. The first test may also be obtained 
by boiling the bark of Sali^ alba, S, fragilis, or Populus tremula 
or the flowers of Ulmaria palustris, with dilute sulphuric acid 
for five minutes and adding ferric chloride to the clear supernatant 
liquid. The red element in the colour distinguishes this from the 
pure blue or green of the tannin coloration, see below. 

333. Tannins. These often occur as glucosides and may be 

extracted by boiling comminuted or ground material with water 
and filtering. On the addition of ferric chloride to such a solution 
a bluish-black indicates pyrogallol tannins and a greenish-black 
colour indicates catechol tannins. Since other substances also 
give these colour reactions, precipitation by Braemer’s reagent ^ 
should be used as a confirmatory test.® * 

^ See Appendix II. 

® See Appendix II, also Onslow for other confirmatory tests. 

6 — 2 
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Suitable materials are powdered oak galls, young bark or leaves 
of oak and sweet chestnut, which yield pyrogallol tannins ; and 
bark from the twigs of horse-chestnut, walnut or larch which 
yield catechol tannins. 

334. The following scheme is suitable for second-year students 
as a qualitative investigation of the reserve substances in a plant 
or part of a plant as supplied : 

(a) Crush some of the material ; add enough water to make a 
mush and set aside with occasional trituration while the following 
tests are made. 

(b) Cut some thin sections of the material ; mount one section 
in water and look for starch grains, thick cell walls, aleurone 
grains, amorphous protein granules, oil globules, fat granules and 
oil plasm. 

(c) Mount a section in each of the following reagents and note 
the reactions : (i.) iodine solution, (ii.) chlor-zinc-iodine, (iii.) 
Soudan red or tincture of alkanet. If positive results are obtained 
for starch, amyloid, mucilage, hemi-cellulose, protein, oil or fat, 
apply the confirmatory and distinguishing tests given in the pre- 
ceding exercises. 

(d) Take half the mush from (a) together with any free liquid. 
Shake occasionally with ten times its volimie of water for half 
an hour ; filter ; to successive small quantities of the filtrate 
apply the following tests : 

(i.) Add Fehling's solution and boil— reducing sugars. 

(ii.) If the result of (i.) is negative, add dilute sulphuric acid — 
precipitate indicates globulin or other protein ; boil 
for five minutes, neutralise and add Fehling's solution — 
sucrose. 

(iii.) Add ferric chloride — tannins. 

(iv.) If the result of (iii.) is negative, boil for five minutes with 
dilute sulphuric acid and add ferric chloride— glucosides 
of the salicin type. 

(v.) Warm slowly to boiling point — albumin or globulin. 

(vi.) Add three times the volume of 98 per cent, alcohol — 
flocculent precipitate is pectin or proteins. 

(e) Take half of the remaining mush and digest it with 5 
per cent, aqueous sodium chloride for two to four hours ; 
cool ; if no globulin separates, saturate with sodium sulphate — 
globulin. 

(f) Boil the remainder of the mush with enough water to keep 
it covered for ten minutes ; filter and apply the tests (d), (iii.) 
and (iv.) above — tannins and glucosides. 

This test need not be used if positive results are obtained with 
the unboiled aqueous extract. 

(g) Test for cyanogenetic glucosides and saponins as above 
(Exs. 330-331). 

More advanced students should work from Onslow’s “ Practical 
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Plant Biochemistry,” and obtain more than a scrappy idea of 
the reserve materials of plants. From the point of view of 
the exploitation of plant reserves as sources of foods and 
other commercial products the main botany student should 
be familiar with the facts, experiments and tests given in that 
volume. 



CHAPTER XIX 


THE FLOWER 

The flower, both as a seed-producing mechanism and as a 
conspicuous distinguishing characteristic of the various 
natural families considered in Chapter XL, requires careful 
examination. The records taken by the student of the 
flowers which he examines should be reasonably complete 
and comparable one with another. The first exercise, 
therefore, consists of a detailed record of one particular 
flower as an example of the method to be used later on. 
The primrose is chosen because these blooms or others of 
near relatives are available either all the year round in mild 
situations or for most of the year in temperate regions. 
The biology of seed production is studied in later chapters. 

335. Examine a primrose flower ; the green outer part 
ends in five teeth indicating five sepals which are fused below 
to form a loosely fitting tubular calyx. The whole of the 
outer surface of the calyx and of the flower stalk or peduncle 
is covered with simple clothing hairs. The yellow inner 
part or corolla consists of a relatively narrow tube, spreading 
at the top into five lobes, each lobe having a shallow median 
notch ; jfive petals fused are indicated. Attached, by very 
short stalks or filaments, to the inner surface of the corolla 
are five stamens (the androecium), which may be situated 
either half-way down the tube (Fig. 23) or near the top of 
the tube (Fig. T 459). In the case of the first type it is 
necessary to split open the corolla tube in order to see and 
count the stamens, which consist of the yellow plump 
portion or anther and the short stalk or filament. 

Having split the calyx tube, removing the front half, and 
having carefully removed the corolla with semens attached, 
examine the green innermost part or gynoecium. This 
consists of a more or less spherical seed case or ovary sur- 
mounted by a slender style bearing a nearly spherical green 
stigma, which is situated at the top of the corolla tube in 
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the pin-eyed primrose (Fig. 23), but half-way down in the 
thrum-eyed primrose (Fig. T 459). Remove the rest of the 
calyx and most of the style with its stigma ; using a good 
pocket-lens, examine carefully the surface of the ovary. 
Five mounds or valves may be distinguished by looking down 
on the smooth green surface, but this character is somewhat 
variable. The presence of five valves indicates five carpels 
fused. Note that the calyx and corolla can be easily removed 
from below the ovary, which is therefore superior. 



Fig. 213 . — Record for prirorose flower. Floral formula ; floral 
diagram ; and longitudinal elevation ; p, one of the posterior 
petals ; i. inner side petal ; a. right-half of anterior petal. 


Floral Formula. Using K for calyx, C for corolla, A for 
androecium, G for gyncccium, brackets to indicate fusion 
where it occurs within a whorl of similar parts, a line above 
connecting the C and A to indicate fusion of members of 
one whorl with those of another whorl, and finally a line 
below the G to indicate a superior ovary, we can write the 
floral formula as a result of the above examination in the 
form used in Fig. 28, formui.a. 

Floral Diagram. Apart from the fusions, the relation of 
the members within each whorl, and also the relation of the 
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members of one whorl to members of other whorls, are not 
expressed in the floral formula. The floral diagram is, 
therefore, used to record briefly the methods of overlapping 
(aestivation) and alternation of members of successive 
whorls. Tlie primrose illustrates alternation of sepals and 
petals, stamens and carpels, together with the absence of 
alternation in the succession petals and stamens. Cohesion 
is indicated by lines joining members of the same whorl ; 
adhesion is indicated similarly by lines joining the stamens 
to the petals. This diagram can be orientated, with the 
main stem indicated above, as at s. (Fig. 23), and the bract 
below as at h, (Fig. 23). In the case of the primrose the 
main stem is very much shortened, but the bract may be 
found, if the whole plant is available, as the rosette leaf in 
the axil of which the flower and flower-stalk arise. The 
overlapping scheme of the sepals may be found in a flower 
bud, but not in an open bloom ; that of the petals is clear 
even in the older flower. The position of the anthers, one 
opposite the middle of each petal, is clear in a split corolla. 
The internal arrangement of the ovary, with a central axis 
surrounded by ovules and a thin outer wall, can be seen by 
cutting the ovary across with a sharp razor. The orientation 
of the valves can be determined by leaving a known part 
of the calyx attached while examining the ovary. These 
additional data allow of the floral diagram being constructed 
as in Fig. 23 diagram. 

Longitudinal Elevation. The floral formula and floral 
diagram contain most of the essential characteristics of the 
flower, but the general appearance and various details such 
as shapes, degrees of fusion, insertion of the parts upon the 
receptacle, nectaries, etc., are better shown by a longitudinal 
elevation, made as a drawing of one half of a flower which 
has been carefully split down the median plane, see the line 
mm, (Fig. 23). Either half may be drawn and the floral 
diagram should be used as a guide in order to get the details 
correct. All cut surfaces should be represented by double 
lines, and the drawing should never be less than 4 inches 
long. The illustration Fig. 23 has been reduced for 
printing. The ovary must be cut longitudinally in half 
and examined with a pocket-lens. In the primrose the 
placentation is free central and all longitudinal cuts are 
similar ; but care and reference to the floral diagram are 
required in cases where the median plane passes through 
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an ovary partition or septum giving a plain surface instead 
of a group of ovules (ep. Figs. T 1328 and T 132()). 

336. Floral Development, (a) Make line diagrams to illustrate 
at least four stages in development of the hoover, as shown in 
prepared sections, e.g. Capsella series, Calendula L.S. young 
flower head (see Fig. T 440 442, also Fig. 24). 

(b) Advanced students should use young flower-buds of 



Fi(i. 24. — Calendula— outlines of section through a young flower 
head ; H. involucral bracts ; g. glands ; H. ray floret with 
retarded development; CC. primordia of petals; AA. prim- 
ordia of stamens ; GG, early fstage in primordium of 
gyiKceium ; pp. very young undifferentiated primordia of 
(central disc florets. 

Chelranthus, Capsella or Calendula upon which to practise the 
method of serial sections on material embedded in paralhii. 
The resulting preparations may yield many useful sections for 
study of the details of floral development. 

337. Teratology. The morphological nature of the floral 
organs may be illustrated by many prepared specimens of 
abnormalities, i.e. teratological museum specimens of virescence ^ 
of petals, stamens or carpels, proliferation with the prolongation 

^ Virescence is a term used to cover the change of any floral part 
into a more or less normal green leaf. 
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of the floral axis, the vegetative development of the axis beyond 
the lower whorls (Fig. T 450), etc. 

GyncBcium 

338. Parts, Taking the flowers of (i.) the tulip and (ii.) the 
daffodil as examples with respectively a superior ovary and 
an inferior ovary, examine the gynoccium in detail. Note 
the lower plump part, with three angular rounded swellings 
giving a more or less triangular seed- case or ovary ; the 
short style of tulip and the longer style of the daffodil which 
in each case is just long enough to bring the glandular 
stigmata near the mouth of the flower, where the stamens 
are located. Draw the gynoccium of each flower on a large 
scale and label all the external parts. Examine under L.P. 
and make a still larger drawing of the stigmatic lobes to 
show the general shape and also the glands of the stigmatic 
surfaces. 

(a) Cut one ovary of the daffodil in half longitudinally ; 
note and draw the arrangement of the ovules in relation to 
the central axis. Cut another ovary of the daffodil in half 
transversely ; note and draw the tri locular arrangement 
with ovules on axile placentae. Examine the cut surface 
under a lens ; note the unusually large embryo sacs in the 
ovules which have been cut. Draw a few ovules as seen 
under the lens. 

(b) Examine prepared sections, or cut thin transverse 
sections, of the daffodil ovary. Make a line diagram to show 
the ovary wall and partitions with the conducting strands 
and placentae. Make a labelled or annotated drawing of 
one ovule, under L.P., to show the funicle, chalaza, integu- 
ments, micropyle, nucellus, and embryo sac with antipodal 
cells, primary endosperm nucleus, synergids and oosphere 
(Fig. T 520). 

339. Megaspores and Development of Ovule 

(a) Examine a prepared section showing the tetrad of mega- 
spores in a young ovule, also other stages as available (Figs. 
T521, T 522). Compositse flower-heads yield such sections 
readily, if buds just beginning to spread the involucre are used. 

(b) Examine and draw a series of prepared sections of Lilium 
ovules, showing the unusual transition of the archesporial cell, 
through the spore-mother-cell stage to the uninucleate embryo 
sac without division. Continue the series through the meiotic 



FLORAL PARTS 


139 


divisions which here result in the 4-nucleate stage of the embryo 
sac and by a subsequent mitotic division in the 8-nucleate stage, 
followed by a 7-nucleate stage when two of the polar nuclei have 
fused to form the primary endosperm nucleus. Annotate your 
drawings fully. 

340. Types of Ovules. Using the low power of the microscope 
on young seed-cases or a pocket-lens with dissections of mature 
seeds, examine and make diagrams to show the relative positions 
of the funicle or hilum and raphe if present, the ehalaza or apex 
of the embryonic axis if seeds are used, and the micropyle or the 
root apex in seeds. The seed -cases or seeds should be selected to 
illustrate the different types of ovules as follows : — 

Anatropous — daffodil, castor bean. Geranium^ Limnanthes ; 
Atropous or orthotropous — dock, Polygonum, walnut, hop, 

mistletoe (see Ex. 376) ; 

Amphitropous or semi-anatropous — primrose, plantain, colchicum ; 
Campylotropous — wallflower, broad bean, peas, mallow, holly- 
hock, Dianthus, Gypsophila. 

Androecium 

341. Examine the andrcecium of (a) tulip, and (b) wall- 
flower. In each case there are six stamens, each with a 
stalk or filament and a lobed upper part, the anther. The 
two short filaments of the wallflower have each a dark green, 
four-lobed nectary at the base. 

Cut thin cross-sections of young unopened anthers from 
both flowers. The general structure is the same in both the 
monocotyledon and the dicotyledon. The sections show 
two large lobes, each of which is two-lobed, showing four 
pollen sacs in each anther ; in very young anthers there may 
be a partition. Note the wall of the sac with a small-celled 
conducting strand in the connective or tissue which joins 
the two large lobes, and the distribution of the cells with 
thickened bars on their walls in layers or a layer below the 
epidermis and in the connective ; also the central masses 
of pollen grains or microspores, which in younger anthers 
may be surrounded by a broken layer of dense cells, the 
tapetum, lying between the pollen and the wall. Observe 
carefully the smaller cells of the endothecium in the region 
where the two minor lobes meet ; this is the line of dehiscence. 

Make annotated drawings of your preparations. 

342. Pollen. Mount pollen grains from mature or nearly 
mature anthers in glycerol or clear them in chloral hydrate. 
Examine and draw the grains carefully under H.P. to show the 
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outer wall with thin areas, germination pores, the inner smooth 
wall and granular contents including the two or three nuclei if 
visible. Suitable materials can be obtained from the flowers of 
tulip, wallflower, iris, foxglove, etc. 

343. Examine a series of prepared sections showing the stages 
in development of the pollen sac or microsporangium. Draw 
small parts of representative sections under H.P. to show meiosis 



Fig. 25 . — Peat Pollens. For explanation see text. All except 
pine and Calluna, modified after Erdtman and drawn to the 
same scale, x500. 


and tetrad formation, tapetum and endothecium (Figs. T 572- 
573). 

344. Mount in water, wetting if necessary with alcohol and then 
irrigating with water, pollen grains from a few of the following 
plants : sea pink, herb-robert, tree mallow and other mallows 
with large grains; dandelion, dahlia, sunflower, groundsel, and 
hollyhock with spines and sculpturing ; Acacia, Calluna, Erica 
and other ericaceous plants with four grains in a persistent tetrad ; 
cucumber, vegetable marrow, white bryony and other Cucur- 
bitaceae with special pores (Figs. T 565-573). Draw charac- 
teristic views of each kind of pollen examined. Note that in 
the anthers of hybrids and elsewhere the pollen grains may vary 
considerably in size, e.g. (Enothera varieties, Dianthus hybrids, 
Lavatera, 
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N.B. The sculpturing of the exine is often more readily seen 
after clearing on the slide in a drop of hot chloral hydrate solution. 

345. Peat Pollen. The cutinised exine of pollen grains is very 
resistant to the processes of decay, and as a result the form of 
these grains, which is characteristic for many species, can still be 
detected in peat several thousands of years old. The peat (8 
grammes) is heated for six hours with 10 c.c. 10 per cent, sodium 
hydroxide at 110° C. The resulting mixture is diluted to 20 c.c. 
with water, well shaken, set aside for five minutes. The super- 
natant fluid is then decanted and a few drops of it examined for 
pollen grains.^ The characteristic pollen grains of peat are given 
in Fig, 25. Lime, elm, holly and hornbeam are sometimes rare 
or absent ; occasionally pine and beech are also absent ; the 
very common types are hazel, birch, alder, oak, together with 
ericaceous pollen and Lycopodium spores. 

Perianth 

346. Compare carefully the undifferentiated perianth of 
anemone, marsh marigold, tulip or hyacinth, with the 
perianth differentiated into calyx and corolla which occurs 
in lesser celandine, buttercup, wild rose or hawthorn. 

347. Polygala. Examine, with a dissecting mieroscope, all the 
details of the floral structure in the milkwort. Polygala vulgaris. 
Write the floral formula ; draw the floral diagram and a 
longitudinal elevation ; draw also the peculiar details of the 
perianth, andraxaum and gynoecium (Figs. T 731-736). 

^ With suitable reftnements, the density and relative proportions of 
the various tree pollens may be used as indicating the nature of the 
neighbouring arboreal vegetation at various periods corresponding 
to the different levels of the peat samples, sec Proc, RJ.A,^ 39, B20, 
p. 449 ; also Journal of Ecology, 16, p. 317. 
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THE INFLORESCENCE! 

Many inflorescences are characteristic of certain families, 
in the study of which these examples will be considered. 
Dried plants in fruit are, however, very useful for a general 
survey of the methods of growth and grouping in the different 
types of inflorescences. The examples given below have 
been chosen so that material may be readily obtained, also 
usually readily dried and stored for repeated use. 

348. Examine and make clear sketches or diagrams of the 
following inflorescences : — 


Single 

Scape — daffodil, tulip ; 

Scapiform — Hieracium pilosella, Taraxacum, coltsfoot. 

Racemes 

Simple, bracteate — snapdragon, foxglove ; 

Simple, ebracteate — wallflower ; 

Spicate — Veronica woody species ; 

Spikelet — ryegrass, cocksfoot ; 

Spike — plantain (Plantago spp.) ; 

Catkins — willow, poplar (staminate and carpellate) ; 

Strobile — hop ; 

Spadix — Acorus calamus, or fresh Arum maculatum ; 

Corymb — units of candytuft (Iheris amara) ; 

Umbel — Astrantia or units of Heracleum sphondylium or 
Myrrhis odorata ; 

Capitulum — sunflower, or dried young flowering heads of 
Calendula ; 

Panicle — oats ; 

^ The elementary study of the contents of this chapter is mainly 
more suitable for school or nature-study work ; but it is included here 
in order to preserve the continuity of the exposition and to indicate 
what practical knowledge the university student should have, as a 
background for the theoretical consideration of the subject. 
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Compound spike — wheat ; 

Compound umbel — hogweed ; 

Compound capitulum — Echinops, edelweiss (Leontopodium 
alpinum). 

Cymes 

Dicliasium — Erythrwa, Lychnis dioica ; 

Polychasium — Laurustinus, Sedum spectabile ; 

Monochasia — 

Helicoid cyme (bostryx) — terminal parts of St. John 
Wort ; 

Scorpioid cyme (cincinnus) — middle or basal parts of 
St. John Wort ; 

Boragoid (coiled cincinnus) — comfrey ; 

Drepanium — sea lavender, Statice sp. ; 

Rhipidium — iris, whole inflorescence ; 

Cymose umbel — carrot ; 

Cymose head — sea pink (Armeria maritima), young heads of 
field scabious, fruiting heads of Platanus ; 

Cyathium — Euphorbia, fig ; 

Verticillaster — Mentha spp. Calamintha, Siachys spp. in 
fruit, Lamium album fresh in bud ; 

Thyrsus — lilac ; 

Reversed raceme — Nigella. 

Illustrations of most of the above inflorescences will be 
found in the Textbook. 
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POLLINATION 

The mechanisms for cross-pollination and the natural 
functioning of these are essentially matters for outdoor 
study as opportunities arise. The student is advised to take 
an interest in the natural activities of insects in relation to 
flowers, especially on days of warm sunshine with little or 
no wind. Controlled experiment is, however, an essential 
process in the scientific study of pollination. 

349. Losing whatever suitable material may be convenient, 
emasculate four flowers — A, B, C, D — by removing entirely the 
unopened anthers, using tweezers so that the ovaries remain 
uninjured. Cover A loosely with muslin tied around the flower 
stalk ; dust over the stigma of B with pollen from another 
flower of the hame species ; treat C in the same way with pollen 
from an unrelated species and bag ” both B and C with muslin 
as before ; leave 13 open, unprotected by muslin from cross- 
pollination, and “ bag ” a fifth flower, E, with the anthers still in 
place. 

Suitable material consists of flowers which are not protogynous 
and which are large enough to be “ bagged ” conveniently, e.g. 
foxglove, snapdragon, rose-bay willow herb, wallflower. Com- 
positae flower-heads are not suitable, for various reasons. After 
seven or eight days note the effects of the conditions on the 
development of mature seeds. Write an account of your methods 
and an explanation of the results. 

350. Attempt to prevent seed formation, as in Ex. 349 A, 
by cutting off with a razor the whole of the upper parts of 
the corollas in a young flower-head of hawk weed, dandelion 
or groundsel. Record, and explain as far as you can, the 
results of this experiment as observed two or three weeks 
later. 

351. Using very young unopened flowers of sweet pea or 
garden pea, emasculate two blooms, cross-pollinate one, and 
“ bag ” both these and a third normal flower. Record and 
explain the consequent distribution of seed production, after 
an interval of two weeks. 
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352. Procure fresh material of Arum maculatum in spring. 
Investigate fully in a young unopened spadix by means of pocket- 
lens observations and microscopic preparations the following 
points : colour scheme, nectar glands on spathe, source of colour 
in spathe and in spadix, modified female flowers as trap 
mechanism, male flowers, rough- walled carpels, smooth- walled 
carpels with colourless stigmatic hairs which are flooded with a 
colourless secretion soon after they are exposed to the air. Com- 
pare, in transverse sections, the structure of the purple club, 
the axis of the spadix, the stalk of the spadix and the stem below 
the spathe. Make a series of illustrative line diagrams and write 
an explanation of the observed differences and similarities (see 
Figs. T 1318-1322, and “ Pocket-lens Plant Lore,” No. 70). 

353. As opportunities arise, note particularly examples of 
the following structures or mechanisms : 

Anemophily 

Pine and plantain pollen grains, stigmata of hazel, 
plantain and grasses. 

Nectaries 

Petal depressions or pitchers in the scries — Ranunculus 
acriSy R, auricomus, Jlellehorus, Aconitum ; 

Near or on stamens — wallflower, Arabis, Viola spp. ; 

On carpel walls — marsh marigold, tulip ; 

At base of style — sunflower and other Composites ; 
Epigynous disc — Umbelliferac, Rutacese ; 

Concealed nectar — Lychnis, Gypsophila, Epilohium, 
Nicotiana, Myosotis, Anchusa, Symphytum ; 
Extra-floral nectaries — cherry-laurel and other species 
of Prunus which all have nectar glands near the 
base of the leaf blade, Vida septum (see “ P.-l. 
P. L.,” No. 67), Viburnum opulus. 

Other Mechanisms 

Explosive pollen dispersal — nettle, gorse, medick, 
Kalmia ; 

Swinging anthers — Salvia : 

Robbery — comfrey, monkshood ; Also — 

Monoecism — birch, hazel ; 

Dioccism — dog’s mercury ; 

Protandrous dichogamy — Compositic disc flprets ; 
Protogynous dichogamy — Plantago spp. ; 

Heterostyly — Primula spp., Ly thrum spp. ; 

Cleistogamy — autumn dog violet, sundew ; 
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Polygamy — ash ; 

Gyiiomonoecism — ray and disc florets of Cornposittc. 

Irritability 

354. Stigma. Using recently cut and carefully gathered 
blooms of Mimulus luteus, touch the inner surface of one of 
the stigmatic lobes with a slender pencil point or sharpened 
match end. Note the rapid closing of the two lobes and 
their recovery to the open position in about half an hour. 
Repeat the stimulation, using a point which has upon it 
some pollen from the stamens, preferably from another 
Mimulus flower. Note that in this case the lobes remain 
closed. 

If Martynia, Torenia or Mimulus cardinalis (not M, 
luteus) is available, fix a pair of cover-slip forceps in a small 
vice and arrange a flower so that the tip of one stigmatic 
lobe is held by the forceps. When the fixed stigma is 
stimulated by a touch, transmission takes place, and the 
other lobe moves towards the fixed one. 

No stimulation is produced in any of these cases by a 
touch on the outer surfaces of the stigmata. 

355. Style. Touch the style of Arctotis aspera, while it still 
retains pollen amongst the outer hairs ; note that the resulting 
movement is always towards the side which is touched. If the 
conditions are warm and sunny the capitula should be vigorous ; 
then the style will regain its original irritability in a very short 
time, while remaining in the position assumed by the first move- 
ment ; less than half a minute may be sufficient. Styles which 
have been withdrawn into the corolla, after the first, or male 
stage, are not sensitive to touch when they again project with 
spreading style branches. For details of the successive stages, 
see Small in ‘‘ New Phytologist,” 14, p. 216, 1915. 

Stamens. The following experiments should all be carried 
out on warm, sunny days when the flowers will be in good 
condition for reacting to the stimulus of touch. 

356. Using flowers of Berberis or Mahonia which have 
been recently cut and carefully gathered, note that when 
stimulation is applied by touching, the movement of each 
stamen in a flower is independent of the other stamens, and 
is always towards the centre of the flower ; there is no 
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transmission of the stimulus if the toueh is carefully con- 
fined to one stamen at a time. The sensitive region can be 
located by using a fine bristle or mounted needle. Gentle 
touches anywhere on the stamen, except on the inner 
(adaxial) surface of the filament, produce no movement. 
These stamens recover their original irritability and their 
original position in five or ten minutes ; this should be 
compared with the rapid recovery of irritability without 
return to the original position shown by the style of Arctotis, 
which is sensitive on all sides of the cylinder and not physio- 
logically bilateral like the stamen of Berheris, 

357. Electrical Stimulation. Using the same material as for 
Ex. 356, apply the wire terminals from an active induction coil 
to a flower of Berheris, one wire touching the flower stalk and the 
other touching the firm central stigma ; all the stamens are 
stimulated and move. 

358. Anaesthetic Effects. Similar flowers of Berheris which 
have been given a small dose of chloroform vapour, e.g. placed 
under a bell jar with five drops of chloroform for each litre of 
air capacity for ten minutes, show no irritability ; but recover 
the ability to move when touched after being removed from under 
the bell jar. 

359. Compositae. Provided that the conditions are favourable, 
i,e, warm and sunny, five types of movement of the anther tube 
in response to the touch stimulus may be found amongst the 
Cornpositae ; thus the pollen is presented by the piston action of 
the young style with : 

A. Downward movement of the whole tube, all the filaments 
contracting equally ; stimulus transmitted and response simul- 
taneous ; e.g. in Achillea cristaia, Anthemis canescens. Coreopsis 
tinctoria, Erigeron grandiflorus, E. speciosus, Helipterum roseum, 
Matricaria chamomillay Tanacetum vulgarcy etc. 

B. Lateral movement of the tube, indefinite in direction ; 
stimulus transmitted and response irregular ; e.g, in Arnica alpina, 
Centaurea aspera, Carduus tenuiflorus, Cirsium kemeriy etc. 

C. Lateral movement of the tube towards the touch, by the 
contraction of one filament ; stimulus not transmitted to other 
filaments ; this is the common type ; e.g. in Achillea spp., Beilis 
perenniSy Catananche spp., Centaurea spp.. Chrysanthemum spp., 
Cirsium palustre, Carduus crispusy Ileliopsis, LactucUy Lapsana 
communiSy Saussurea, some species of Senecio, SolidagOy SonchuSy 
Taraxacum officinale , etc. 

The contraction of one filament and bending of the others is 
particularly easily seen in Lapsana communis, 

D. Lateral movement of the tube, always towards the centre 
of the capitulum ; stimulus transmitted and response only in 
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the posterior filament, e.g, in Ceniaurea cyanuSy C, axillariSy 
Aster lipskyi, 

E. As C, but explosive in rapidity and pollen ejected for some 
distance ; e.g, in Gerber a spp., Perezia mnltiflora. 

For details and other examples, see “ The Origin and Develop- 
ment of Compositse.” Small, 1919. 
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FERTILISATION AND EMBRYOLOGY 

360. Germination of Pollen, (a) Note the characteristics 
of pollen grains from a variety of plants. Place some 
pollen grains from each kind of plant in a watch glass with 
about ten drops of 5 per cent, cane-sugar solution. Set 
this preparation aside, covered with a beaker or bell jar, 
in a warm place. Examine the contents of the watch glass 
after three hours, under the low power of the microscope. 
Note the particular kinds of pollen which germinate well 
under these conditions. Mount a few examples with a 
cover-slip and draw two or three with the pollen tube show- 
ing. See (b) and (c) below. 

(b) A similar preparation may be made at the same time, 
using 10 per cent, cane-sugar solution. Other kinds of 
pollen grains may germinate in this case, while the previous 
kinds will probably be less successful than before ; the latter 
may not germinate at all (see (c) below), 

(c) Set aside the preparations from (a) and (b) overnight. 
The sugar solution concentrates by evaporation and further 
kinds of pollen may germinate. 

The concentration of cane sugar necessary for ready germination 
of pollen varies with the species. It can be determined by 
experimenting with different solutions, but the following notes 
of favourable concentrations may be useful : primrose, sunflower, 
snowdrop, Allium ursinum and lily 5 per cent. ; wallflower 6 per 
cent. ; narcissus 7 per cent. ; bean, pea and bluebell {Scilla 
nutans) 10 per cent. ; Fritillaria imperialiSy Cynanchum officinalCy 
Echeveria spp. and stonecrops 1.5 per cent. ; Rhododendron^ 
Azalea and other Ericaceje 10 per cent, sugar with 1 per cent, 
malic acid. 

361. Chemotropism of Pollen Tubes, (a) Using an ap- 
propriate cane-sugar solution and pollen, as determined 
by the results of Ex. 860, place one drop of solution on a 
slide with a “ well ” or glass ring, add pollen-grains and a 
small piece of stigma from the same flower. Grease the 
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edge of the well or ring, and fit a cover-slip. Set aside this 
preparation for about tliree hours, and note the converging 
of the pollen tubes towards the stigma. Bluebell pollen, 
with 10 per cent, cane sugar, is usually successful. This is 
an example of positive chemotropism. 

(b) Negative chemotropism in pollen tubes may be demonstrated 
by mounting pollen grains in a drop of appropriate sugar solution 
on a slide without a welly and adding a cover-slip. The tubes may 
grow towards the centre, away from the greater oxygen supply 
around the edge of the cover-slip. Fritillaria and Cynanchum 
pollens are suitable ; other pollen tubes may or may not show 
this negative chemotropism. 

362. Pollen Tubes In Situ, (a) Examine and make line 
diagrams of the prepared sections showing pollen tubes 
germinating on the stigma, e.g, of (Enotheray Eschscholtzia, 
etc. 

(b) Using mature flowers in which the stigmata are not yet 
withered pollen tubes may be found in situ, usually around the 
conducting strands of the style, by means of suitable manipula- 
tion and staining. Slender Styles are mounted in water on one 
slide and squashed with another slide placed above ; thin 
longitudinal sections are taken of thicker styles. In order to 
obtain good material it is frequently necessary to dust the stigmata 
with pollen one or two days before the material is required for 
study. A suitable stain for fresh preparations is brom-cresol 
purple for lily sections, crocus squash preparations, etc. 

363. Fertilisation. Examine and draw, under H.P., 
prepared sections showing double fertilisation in Liliuniy 
SeneciOy or other available material (cp. Fig. T 750). 

Embryology 

364. Dicotyledon, (a) Remove and mount in water or 
dilute potash a number of ovules from fresh immature fruits 
of Capsella bursa-pastoris. Add a cover-slip and, under a 
dissecting microscope or good pocket-lens, press upon the 
cover-slip over one ovule at a time in order to get carefully 
made squash preparations. Examine your preparation 
under L.P. for embryos which lie outside the burst ovules. 
Repeat the process until a suitable series of stages is obtained. 
Draw a representative series of embryos under H.P. (see 
Fig. T 753). 
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(b) Similar squash preparations may be made of immature 
ovules from preserved material of many other plants, 
provided that the material has been preserved in “ Dutch 
pickle,”^ and that it is warmed in 0*5 per cent, potash for a 
few minutes when required for use. 

365. Monocotyledon, (a) Repeat the above manipulation, 
using ovules from fresh immature fruits of Alisma planiago. 
Draw a representative series of embryos under H.P. (see Fig. 
T 755). 

(b) Other ovules of monocotyledons yield similar squash 
preparations with the preservation and manipulation given in 
Ex. 364 (b). 

366. Examine and draw under H.P. the prepared slides of 
abnormal and other embryos, e.g. Eranihis, Ranunculus jicaria, 
LoranthuSy Nymphaea^ Geranium^ Crataegus, Liliurn, also various 
orchids and Leguminosae. 

367. Pinus. Cut longitudinal slices of several seeds of 
Pinus pinea (pine-nut). At the tip of the radicle the large 
irregularly coiled suspensor is frequently to be found, 
persistent even in the mature seed. Make a line drawing 
of the structure when a good example has been obtained. 

368. Polyembryony. Remove the seed-coat from an 
orange seed and, using a dissecting microscope, dissect the 
contents carefully. One or two obviously dicotyledonous 
embryos will be found, and also a varying number, up to 
twelve or more, of semi-translucent embryos which may be 
only partially differentiated. Draw to the same scale all 
the embryos found, to show the irregularities in shape and 
the relative development in the series. 

1 Dutch pickle is a mixture of equal parts of water, glycerol and 
ethyl alcohol. 
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THE FRUIT 1 

Many fruits are characteristic of certain families, in the 
study of which tlicse examples will be considered. Dried 
plants in fruit are, however, very useful for a general survey 
of the varieties of fruits and of their classiheation. The 
examples given below have been chosen so that material 
may be either readily obtained, readily dried and stored for 
repeated use, or readily purchased in the fresh condition 
at the greengrocer’s or fruit shop. 

369. Examine carefully and make large-scale drawings to 
show the characteristic external and internal features of the 
ripe condition of the following fruits ^ : — 

Dehiscent Fruits 

Follicle — Aconitum, Delphinium, star anise (Illicium) ; 
Legume — Vida, Pisum, Cytisus, IJlex ; 

Siliqua — Cheiranthus ; 

Silicula — Capsella, Lepidium, Lunaria ; 

Capsule — with dehiscence ; 

septicidal — Hypericum, Scrophularia, Colchicuni ; 

loculicidal — Viola, Iris; 

septifragal — Digitalis, Datura ; 

dentate — Lychnis, Silene, Dianthus ; 

porous — Papaver ; 

valvular — Campanula, Antirrhinum ; 
by lid, pyxidium — Plantago, Anagallis, also prepared 
specimens of Hyoscyamus and Lecythis. 

^ The elementary study of the contents of this chapter is mainly 
more suitable for school or nature-study work ; but it is included here 
in order to preserve the continuity of the exposition and to indicate 
what practical knowledge the university student should have, as a 
background for the theoretical consideration of the subject. 

* At least one example of each group should be used. 
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Indehiscent Fruits 

Achene — buttercup ; 

Caryopsis — wheat, maize ; 

Cypsela — sunflower, scabious, valerian ; 

Samara — ash, elm ; 

Nut — acorn, hazel, sweet chestnut ; 

Nutlets — dock, buckwheat. 

Schizocarpic Fruits 

Double samara — sycamore ; 

Lomcntum — pea nut, cassia pod, senna pod ; 

Cremoearp— Mj/rrAw, Heracleum, hemlock, aniseed, caraway, 
cummin, coriander, fennel ; 

Careeruhis — d(‘adnettle, eomfrey, mallow ; 
llcgriia— cranesbill, spurge, Ricinus, 

Succulent Fruits 

Berry-grape, red and black currant, Solamini dulcamara^ 
S. nigrum, Atropa Belladonna, orange, tomato ; 

Pome — apple ; 

Reeeptacular — strawberry, rose-hip ; 

Drupe — cherry, elderberry, pickled walnut and olive ; also — 
with fibrous sarcocarp — sweet almond, coconut ; 

Drupel — blackberry, raspberry ; 

With pyreuic — holly, ivy. 

Pseudocarps 

Mulberry, pineapjde, fig. 

Many of the above fruits are figured in the Textbook, 
and further details of nuts and other fruits may be found in 
“ Pocket-lens Plant Lore:” 
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SEED DISPERSAL i 

370. Remove all the one-seeded fruits (cypselse) from a 
single capitulum of Calendula officinalis or Dimorphotheca 
spp. ; classify the fruits according to their degree of suit- 
ability for dispersal away from the parent plant. Draw the 
extreme types and at least one intermediate type. 

371. Examine the mature structure of the fruits or seeds 
as given below ; sketch all examples supplied and label 
your drawings with the name of the plant, the name of the 
part or parts dispersed naturally and the morphological 
nature of the dispersing mechanism. 

Wind Dispersal 

Light seeds — Pyrola ; 

Censer — campion, poppy ; 

Winged seeds— pine and prepared specimens of wooden 
pear {Xylomelum) ; 

Winged fruits, with extension of — 

Pericarp — ash, sycamore, birch ; 

Perianth — dock, sea pink, sea lavender ; 

Calyx — sage ; 

Bracts — hornbeam, hop ; 

Balloon — Physalis, Orobus ; 

Rolling — prepared specimen of Anastatica ; 

Parachute mechanisms — 

Hairy seeds — willow, willow herb, Strophanthus ; 
Hairy styles — clematis, alpine anemone ; 

Pappus — dandelion, groundsel. 

372. Experimental Wind Dispersal. The experimental 
demonstration of the relative efficiency of the various structural 

^ The study of the more elementary structural aspects of seed 
dispersal is more suitable for school or nature-study work ; but some 
notes are included here In order to preserve the continuity of the 
exposition and to indicate what practical knowledge the university 
student should have, as a background for the theoretical and experi- 
mental consideration of the subject. 

154 
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arrangements which appear to be suited for wind dispersal of 
seeds may be carried out with the following apparatus : 

The Wind Channel. This may be merely a wide glass tube, 
or a more efficient wind channel may be made of three 6-foot 
lengths of J-inch timber arranged with a glass front to produce a 
square tube 6 feet long and 6 inches wide. In the latter case 
the inside angles of the tube should be rounded off by suitable 
wooden slips (see Fig. 26A) ; the wooden parts of the interior 
should be painted white. 

The Fan. An electric fan, suitably guarded, may be used as 
the source of wind ; the strength of the air movement being 
controlled by varying the speed of the fan and also by changing 
the distance between the fan and the entrance to the tube (see 
Fig. 26, B). 

The Anemometer. A 3-inch two-dial Biram Anemometer has 



Fig. 20. — Wind Dispersal Apparatus. A, wind channel ; B, 
electric fan ; C, Biram Anemometer. 


been found convenient in practice. It can be placed well into 
the larger wind channel to obtain the reading of wind velocity. 


Using the above apparatus determine the minimum velocity of 
wind necessary to blow at least one of each of the larger types of 
seeds or fruits completely through the wind channel. Each 
specimen should be held in a pair of tweezers or on a slide at 
least 2 inches inside the entrance to the wind channel, and 
liberated carefully. The anemometer should be used after the 
critical velocity has been reached ; intermediate values have an 
interest only in more advanced work. Tabulate your results to 
show the relative efficiency of the various structural modifications 
in the examples which you study. 

373. (a) Determine the rate of fall in quiet air of a few of the 
seeds and fruits used for Ex. 372, using, if possible, the same 
specimens of each as are used in Ex. 872. This may be done by 
timing, with a stop watch, the fall of a single seed or fruit through 
a distance of about 15-20 feet. Shorter distances increase the 
errors of timing and longer distances make it difficult to see the 
specimen at the beginning of its fall. The raising and dropping 
present some difficulties in practice, but if a quiet room such as an 
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unoccupied lecture theatre or laboratory be available with a 
horizontal beam or pipe at the required height, the simple 
apparatus shown in Fig. 27 is quite effective. The tilting tray 
T has a perfectly clean microscope slide stuck to the top of the 
metal so that one end of the slide projects a few millimetres 

beyond the metal. The tray is 
slung by thin cord from its corners 
to the base of the rectangular frame 
F above. The rectangle carries two 
cross-beams, connected at one pair 
of ends by a flat bar and at the 
other end by a cylindrical rod R. 
A thread, attached to one end of 
the tray, carried over the rod and 
down to the floor, enables the 
operator to tilt the tray. A few 
“ Meccano ” parts, thin cord and 
thread are all that is required for 
the making of this apparatus. A 
piece of cord, about 40 feet long, is 
attached by one end to the top of 
the rectangular frame, the rest is 
coiled and thrown over an over- 
head beam. The tray can now be 
steadied, a seed or fruit, S, laid 
near the outer end of the glass slip 
and the whole pulled up as far as 
is convenient. With the stop watch 
in the hand, the thread can be 
pulled and the tray tilted, while 
the beginning of the fall is watched 
from below. A sheet of white paper 
below, on the floor, facilitates the 
observation of the completion of 
the fall ; and the seed should fall 
within the square metre directly 
below the apparatus if the air is 
quiet. Consecutive observations 
Fig. 27. — Dropping Apparatus on the same fruit have given times 
(for explanation see text). varying only by a fifth of a second 

with only 10 feet of a fall, in the 
case of pappose parachute fruits. The actual time for a 20-foot 
fall varies from one to twenty seconds with different kinds of 
wind-dispersed seeds. 

(b) From the above results calculate the minimum velocity of 
wind for dispersal, using the formula w = \/2 ¥^ -f \/0 25 F^ 
Compare the values for w obtained in this way with the 
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experimental values as determined in Ex. 372 (see the Textbook, 
pp. 335-336). 

374. (a) Study under a good pocket-lens the movement 
of the pappus hairs in dandelion, groundsel, coltsfoot and 
Centaurea when the relative humidity of the atmosphere is 
changed. A bell jar with an open dish of water may be 
used to get a damp atmosphere, and drying near a stove or 
over a small flame to get the opening movements which 
occur under drying conditions. 

(b) The relative humidity may be determined with reasonable 
accuracy by the wet-and-dry-bulb thermometric method, or the 
readings of the Baro-Thermo-Hygrograph may be taken as more 
convenient, if the instrument’ is placed under the bell jar for 
damp conditions and in a warm dry glasshouse for dry conditions. 
Determine the critical relative humidity for the opening or 
closing of (i.) the pappus of a pappose fruit ; (ii.) the teeth of a 
dentate capsule, e.g. Stellar ia media or similar thin- walled fruit, 
and (iii.) a valvular capsule, e.g, snapdragon. 

Water Dispersal 

375. Set aside, in corked specimen tubes half-filled with 
water, ten seeds each of onion and yellow flag or ten fruits 
each of Anthriscus sylvestris and (Enanthe crocata. Observe 
daily and note each day the numbers of each kind of seed 
or fruit which have sunk below the surface of the water. 
When you have a distinctive record leave the seeds as they 
are for one more week and then test their germination 
capacity, as in Ex. 22. 

Other pairs of land plants and water-side or water plants 
may be treated in the same way. Any convenient material 
should be used. 

376. Examine and make a line drawing of a natural 
coconut cut in half longitudinally (Fig. T 838). Note the 
prepared specimens of Entada scandens, Ccesalpinia bon- 
ducella, Raphia, etc. 


Animal Dispersal 

377. (a) Examine the fruit of the mistletoe ; mount a little 
of the fresh viscin and observe its structure under the micro- 
scope. Cut the seed in half longitudinally ; note and draw 
the dark green embryo. 
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(b) Examine and draw, under a good pocket-lens or the 
low power of the microscope, the hooks on some of the 
following : 

Geum, MedicagOy Daucus^ Galium aparine^ AcaenUy 
Harpagophytum, BidenSy Agrimonia, Arctiumy 
Xanthium, 

Annotate your drawings to indicate the morphological 
part which bears tlie spines, €,g. style, pericarp, pappus 
seta^ calyx, involucre, etc. 

Projection Mechanisms 

378. Note and draw the fresh or prepared specimens of : — 
Dorstenia (turgid) ; UleXy Lupinus (torsion) ; Geranium 

or Er odium (sling) ; Viola and Illicium (valvular 
compression). 

Resting Periods 

379. (a) Revise the experiments done with willow and 
coltsfoot, as examples of seeds having a negligible resting 
period combined with rapid loss of viability (see Ex. 210). 

(b) Collect sixty fresh seeds of Limnanthes dougldsii. Test th® 
germination capacity at once, using twenty seeds (see Ex. 22)* 
Keep the others dry ; test their germination capacity after one 
month and after six months or a year, using twenty seeds for 
each test. 

(c) The natural length of the resting period varies and in many 
cases there is a minimum period during which the seeds do not 
germinate under the usual conditions. Collect from the plants at 
the appropriate season mature seeds, and test the germination 
capacity as soon as possible. Test the seeds which do not ger- 
minate readily in the “ new ” condition after : 

(i.) soaking overnight in N/lOO sulphuric acid ; or, better, 
5 per cent, solutions of citric, tartaric or malic acid ; 

(ii.) exposure to chloroform vapour for not more than four 
hours ; 

(iii.) scratching the seed-coats with a strong sharp point ; 

(iv.) heating for three hours at 35°-40° C. 

Suitable sources of new seed are for (i.) cereals, flax, lentils^ 
broad bean, apple, hemp ; (ii.) Phaseolus vulgariSy white lupin, 
rape, apple ; (iii.) wild vetches, clovers, gorse, broom ; (iv.) wheat, 
rye.i 

^ Oats require a low temperature (about C.) when fresh* 
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PERMEABILITY AND ASSOCIATED PHENOMENA 
Emulsions 

380. (a) Examine a drop of milk under the microscope, 
L.P. and H.P. 

(b) Mix one drop of milk and one drop of Sudan III. ; 
examine under H.P., and note the oily internal phase. 

General Rules for Emulsion Phases 

I. The medium which wets an insoluble emulsifying agent or 
dissolves a soluble emulsifying agent becomes the external, 
continuous or dispersion phase, with the other medium as the 
internal or dispersed phase. 

II. Emulsions can be largely diluted only with the medium 
which occurs as the continuous phase. 

381. (a) Place 2 c.c. linseed oil or olive oil coloured 
strongly with Sudan III. in each of two test tubes ; add 2 c.c. 
of 1 per cent, solution of sodium hydroxide to one and 2 c.c. 
of lime water to the other ; shake both tubes vigorously. 

Examine the resulting emulsions under L.P. without a 
cover-slip, and note the oily internal phase when the mono- 
valent alkali is used, forming a soap soluble in water, but 
not in oil ; also the oily external phase when the divalent 
alkaline calcium is used, forming a soap soluble in tlie oil, 
but not in water. The first is an oil-in-water emulsion and 
the second is a water-in-oil emulsion. 

(b) Take about 1-5 c.c. of each emulsion in separate test tubes, 
and note the behaviour of each when diluted gradually, shaking 
after each dilution, (i.) with water and (ii.) with oil. 

(c) Using xylol and water in equal parts with lampblack and 
with barium sulphate respectively, test rule I. above for insoluble 
emulsifying agents wet ” by xylol or by water. 

Note. These exercises give useful ideas on a* large scale 
of possible minute structures for cytoplasm. 

382. Suspensions. Prepare a suspension of resin by 

150 
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rubbing a piece of stick gamboge in an evaporating basin 
with 1 or 2 c.c. water, adding 10 c.c. water and decanting 
the yellow liquid. 

(a) Brownian Movement. Mount a drop of this suspension 
with a cover-slip and examine carefully under H.P. Note 
the dancing movements of the smaller particles of about 
1 micron diameter, and the slower movement of the large 
particles, up to 5 microns diameter. 

(b) Cataphoresis. Mount another drop of the suspension under 
a cover-slip on a slide fitted with electrodes and attached to a 
dry battery. Observe movement of the charged particles in one 
direction. Which electrode lies in this direction and what is the 
sign of the charge on the particles ? 

(c) Advanced students should use the method in (b) with 
protein suspensions, e.g, casein, in acidic and alkaline media in 
order to understand “ isoelectric points of amphoteric substances.” 


Colloidal Solutions 

383. Prepare a colloidal solution of ferric hydroxide by 
one of the following methods : 

(a) To 10 c.c. 30 per cent, solution of ferric chloride add 0*880 
solution of ammonium hydroxide, drop by drop, stirring, until an 
abundant precipitate is formed ; add dilute hydrochloric acid 
carefully, drop by drop, stirring until just sullicient has been 
added to dissolve the precipitate. Transfer this liquid to a small 
dialyser suspended with its membrane 2 cm. below the surface 
of about 500 c.c. water. Change the water below the dialyser 
until it gives no colour with potassium ferricyanide. I^eave for 
two days with at least two changes of water. ^ The red liquid 
(dialysate) retained in the dialyser is a liquid colloidal solution 
(sol) with many emulsoid properties. Suspensoids are dis- 
tinguished from emulsoids in that the disperse phase is usually 
solid, the concentration and viscosity low ; and precipitation is 
obtained with relatively small quantities of electrolytes or 
oppositely charged sols. Ferric hydroxide sol has a solid disperse 
phase and is precipitated by relatively small quantities of electro- 
Ijrtes, but in other respects it is emulsoid ; on standing, the 
viscosity may rise so high that a semi-solid or solid colloidal 
solution {gel) may be obtained. The ferric hydroxide sol has a 
positive charge and protects suspensoids from precipitation, e.g. 
it may give no actual precipitate on addition of one drop of 1 per 

^ If the precipitation and solution are successful the water outside 
will contain only ammonium chloride with traces of iron. 
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cent, sodium chloride to 10 c.c. sol, followed by silver nitrate 
solution. 

(b) To 250 c.c. rapidly boiling water add 3 c.c. of 10 per 
cent, ferric cldoride, gradually with continuous stirring. 
The resulting clear reddish-brown solution has colloidal 
properties similar to those of the dialysate above. 

384. Examine the sol obtained in Ex. 383, thus : 

(a) To separate 1 c.c. portions add — 

(i.) One cubic centimetre 5 per cent, solution of sodium 
chloride ; note resulting precipitation. 

(ii.) One cubic centimetre 1 per cent, solution of sodium 
chloride, shake well ; note absence of precipi- 
tation. 

(b) Set aside the remainder and look for increasing viscosity 
at weekly intervals. 

Other colloidal solutions include methylene blue, Bismarck 
brown, albumin and agar-agar with a positive charge, also silver, 
gold, starch, resin, tannin and lecithin with a negative charge. 


Adsorption 

Einulsifieation, as in Ex. 381, involves the adsorption of 
the emulsifying agent by the disperse phase in which it is 
insoluble. This adsorption may show polarity, as in liniment 
of turj)entine where the arrangement is said to be as follows : 

hydrophobous hydrophilous 

turpentine globule : CHg 11 COOK : water. 

soap film 

Other examples of adsorption may be studied in the following 
exercises : 

385. To 10 c.c. of water in a test-tube add one drop of 
1 per cent, solution of methylene blue ; shake and note the 
tint ; keep 5 c.c. for comparison and to the rest add about 
1 mg. of saponin, or a few fragments of soap-bark, and 
shake vigorously. Note the paler tint of the liquid beneath 
the blue foam. Decant the liquid, and add a few drops of 
alcohol to the foam ; note the deeper blue of the now more 
concentrated solution of methylene blue. This is an example 
of mechanical adsorption by the film surfaces of a. foam and 
applies equally with acidic or basic water-soluble dyes. 

386. Upon a filter paper, held horizontally in the air, 

P.B. 0 
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drop separate drops of aqueous solutions of methylene blue 
or basic fuchsin and of erythrosin, indigo-carmine or acid 
fuchsin. Note that the first (basic) dyes are adsorbed by 
the negatively charged paper giving a deep stain in the 
centre, surrounded by a watery unstained zone ; while the 
second (acidic) dyes are not adsorbed to the same extent 
and give a stain which is more uniformly distributed over 
the area wetted by the water. The eoloured basic ions of 
methylene blue are adsorbed strongly by reason of the 
different electric charges of these and the paper. The 
coloured acidic dyes are adsorbed mechanically to a certain 
extent, but are repelled towards the water by reason of the 
similar sign of the charges of the coloured acidic ions and the 
paper ; the watery zone is therefore narrower. 

387. (a) Since filter paper behaves as if it is acidic, the 
degree of “ active acidity ” may be determined by using the 
drop method, as given above, with a series of indicator dyes 
at or about their various neutral points. Using carefully 
balanced solutions,^ drop on to a horizontally held filter 
paper single separate drops of at least two from each of 
the following groups of aqueous solutions of indicators : 
(1) neutral red, phenol red, brom-thymol blue, brom-cresol 
purple, diethyl red ; (2) methyl orange, methyl red, benzene- 
azo-a-naphthylamine, brom-cresol green, brom-phenol blue. 
From your observations deduce the degree of base avidity of 
the acidic filter paper (see Ex. 402). 

(b) If the whole series of indicators can be used very interesting 
transitions will be found. Brom-cresol purple is anomalous in its 
behaviour ; but with the others “ acid ” colours are given by 
NR, PR, BTB and DER, “ alkaline ” colours by MO, MR, BAN, 
BCG and BPB ; while adsorption, as measured by the relative 
width of the watery unstained zone, decreases gradually from the 
DER point to a minimum with BCG, or to zero with BPB which 
shows sharp coloured edges. BCP behaves like BPB. There is 
thus an intermediate region with adsorption, but alkaline colours 
for MR, BAN and to a very small extent with BCG. This inter- 
mediate region extends from pH 5-6 to about pH 4*4, a com- 
paratively narrow range. 

388. Reversal of Charge, (a) Repeat Ex. 386, after 

1 These may be obtained by adding centinormal solution of hydro- 
chloric acid or sodium hydroxide to 10 c.c. of the indicator solution 
until the colour is intermediate between the acid colour and the alkaline 
colour. 
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wetting the filter paper, (i.) with 5 per cent, solution of 
sodium chloride, (ii.) with centinormal hydrochloric acid. 

(b) Repeat Ex. 387 with fragments of gelatin in 5 e.c. quantities 
of distilled water. Determine the “ base avidity ” of gelatin. 

(c) Prepare six tubes, two with 10 e.c. each of centinormal 
hydrochloric acid, two with 10 c.c. 5 per cent, sodium chloride ; 
and two with 10 c.c. tap water. Drop a few fragments of gelatin 
into each tube, and add a few drops of 1 per cent, aqueous 
methylene blue to one set of three tubes, and a few drops of 1 per 
cent, aqueous erythrosin to the other set of three. Record the 
degree of staining or non-staining effects, after washing the 
gelatin fragments with three changes of tap water. 

From Exs. 387 and 388 (b) it will be seen that both filter papers 
and gelatin in contact with water behave as if they were weak 
acids. From Ex. 388 (a) and (c) it will be seen that the surface 
charge and staining properties of these substances are reversed 
in contact with neutral salts or dilute mineral acids. 

389. Write a series of brief notes on the staining pro- 
perties of cell-walls and cell-contents as observed in your 
other studies, connecting the observed staining reactions 
with the basic and acidic dyes used, and giving some account 
of the differentiation of tissues and cell-contents in relation 
to their adsorption of these dyes. 


Permeability 

390, Barger's Method for Osmotic Pressure. Suitable material 
for these studies may be found in sunflower hypocotyl stripped 
of the epidermis, also rhubarb petiole, onion bulb scales, young 
bean steins, etc., with the outer layers removed. 

A stock solution of anhydrous calcium chloride is prepared by 
dissolving 48 19 grammes of that salt in distilled water to make 
1,000 c.c. of solution. This is isotonic with 1*0 molar sucrose 
solution taking sucrose I. C. 1-88 and calcium chloride I. C. 4-33. 
By appropriate dilutions a series isotonic with 010, 0-20 and 0-30 
molar sucrose is prepared. Three clean ^ capillary tubes of 
about 1 mm. bore and of even width throughout are selected. 
The plant material is frozen on an ice-salt mixture ; de-frozen ; 
and the juice is then pressed out. By appropriate manipulation, 
successive alternate small drops of calcium chloride solution and 
plant juice with 2 or 3 mm. of air between the ends of the drops 
are arranged in the capillary tubes. A different concentration 
of calcium chloride is used for each tube. There should be at 

' Dirty capillary tubes are useless for this purpose. 

6— a 
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lea d three drops of plant juice in each tube. The tubes are then 
sealed in a small flanie and attached by means of Canada balsam 
or soft paraffin to a microscope slide. The lengths of each drop 
of plant juice and of each drop, except the end drops, of calcium 
chloride are then measured with an eyepiece micrometer. The 
slide is set aside in a cool place, preferably in a Petri capsule, for 
twenty-four hours ; after which the drops are again measured. 
In the lower concentrations the plant juice drops may be larger 
than initially and the salt solution drops smaller ; while in the 
higher concentrations these changes may be reversed. The 
intermediate condition of no change in drop lengths may coincide 
with any of the concentrations, but if it lies between two of the 
series a half-way approximation may be sulTiciently accurate. 
The student is advised to prepare a series of six concentrations 
in the critical range, e.g, 0*20, 0-22, 0-24, 0-26, ()'28, ()-8(), for an 
intermediate showing increase in the sap drops with ()-2() and 
decrease with ()*3() ; and to repeat the preparation of tubes and 
measurement of the drops. This will give an accuracy which is 
suitable for most practical purposes. ITsing the table on p. G3, 
express the critical concentration in atmospheres of pressure. 

By this method the physical or theoretical osmotic pressure of a 
plant juice can be determined. 

There are other methods, such as depression of the freezing 
point determined for small quantities in a micro-Beckman 
apparatus, also various electrical methods, but these are only 
suitable for more advanced work. 

391. Effective Osmotic Pressure. Using the same source of 
plant material as for Ex. 390, determine the effective osmotic 
pressure of the cell sap by the microscopic plasmolytic method, 
using cane sugar solutions as in Ex. 133. Since sucrose penetrates 
very slowly, if at all, any difference between the physical osmotic 
pressure as determined in Ex. 390 and the effective osmotic pressure, 
as determined above, may be attributed to exosmosis of the plant 
sap constituents. Equilibrium may not be established until 
after a long period of immersion, but an approximate standard 
of reference is obtained by using the twenty- or thirty-minute 
interval and the 50 per cent, of plasmolysed cells, in the deter- 
mination of the critical concentration of sugar for plasmolysis. 
Using the table on p. 63, express the critical concentration in 
atmospheres of pressure. 

392. Suction Pressure. Using the same source of plant material 
as in Ex. 390-391, determine the suction pressure of the tissue 
being studied, applying the Molz method as in Ex. 135. The 
cutting of slices only 1 mm. long may be found difficult, but the 
process is relatively easy, if a slice of the tissue be cut about IJ 
mm. thick ; this slice is then cut in thinner sections in the vertical 
direction AB^ and th^se yi ^heir turn are cut into pieces xy,, 
about IJ mm. long,* with a thickness equal to that of the set of 
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thinner sections and any convenient width (see Fig. 28). Using 
the table on p. 63, express the critical concentration in atmospheres 
of pressure. 

393. In the three preceding experiments determinations arc 
made of— 

(i.) the physical osmotic pressure — ; 

(ii.) the effective osmotic pressure — ; 

(iii.) the suction pressure — S. 

(a) Since S = P^ — W (the wall pressure, see p. 62), and 


/AfM* 




Fig. 28. — The large slice is about mm. thick ; from this is 
cut a thin section AB about *05 mm. thick ; and from this 
section parts such as xy about 0*3 nun. wide are cut, (sec text). 


both S and P^ have been measured in the same uniform material 
we can calculate W, the wall pressure or turgor pressure. 

(b) Since any excess of P^ over P*^ can be attributed mainly, 
if not entirely, to the exosmosis of sap, we may take P’“ as the 
pressure lost on account of the permeability of the protoplast to 

the cell saj) cofistitucnts,^ Then P"' P*^ — P^ and the formula 

for permeability coelllcients a — 1 — — . (Textbook, 

* ^ K theoretical ^ 

p. 348) can be applied as ^ = 1 - ?-! the specified con- 

ditions). 

(c) Provided that the changed conditions do not effect the 
cell wall directly, we can therefore subject the tissue studied to 
various experimental treatments such as immersion in weak acids 
or weak alkalies or solutions of neutral salts (see Ex. 386 388), 

^ Stiles (foe. cit., p. 172) criticises the application of Trdndle’s 
permeability coefficient formula to external solutes, but Lepesclikin 
found some correspondence between his values and those determined 
by the permeability ‘‘ factor ” or coefficient method. In any case 
the same criticisms do not apply to measurements of the permeability 
of the protoplast to internal solutes with a large quantity of external 
water. 



166 


PERMEABILITY 


or to light and darkness, or to varying temperatures, etc., and 
redetermine the data for P^, P® and S. The wall pressure W 

changes with P® and the values in the equation S = P® — W 
give a check upon any change in the cell wall ; while the values 

in the equation P*” = P^^ — P® enable us to detect variation in 
the permeability coefficient of the protoplasts of particular 
tissues, such as epidermis, cortex, etc. 

Example, If, under normal conditions, we have S = 3-4 atm., 

P'* = 8-2, P® = 6-5, then W = 31 and fi = 0-21. While, under 
experimental conditions, we may have S = 2*6 atm., P 7-9, 
p® = 5-2 ; then W = 2-6 and ^ = 0-34. It will be noted that 

here ft is increased by 62 per cent., while P® is reduced only by 
20 per cent, and W by 16 per cent. 

394. Negative Osmosis. Set up the thistle-funnel apparatus as 
in Ex. 122, using capillary or other narrow-bore tubing with a 
short-stemmed thistle funnel and a pig’s bladder membrane. Fill 
the thistle funnel with an aqueous M/2 solution of citric (or 
tartaric) acid ; attach the narrow-bore tubing and place the 
membrane below distilled water. Note the movements of the 
column of acid solution (a) during the first four hours and (b) the 
following day. 

395. Fill two U-tubes half-way up each arm with 3 per cent, 
gelatin, and allow these to set. (a) Take one U-tube and add solu- 
tions of Congo red to one arm and eosin solution to the other. Set 
aside for twenty-four hours and note during the following week 
the slow diffusion of the large congo red molecules as compared 
with the more rapid diffusion of the smaller eosin molecules, 
(b) Take the other tube and add 1 per cent, solution of potassium 
ferrocyanide to one arm and 1 per cent, copper sulphate to the 
other. Set aside for twenty-four hours or longer and, from the 
position of the brown membrane of copper ferrocyanide, compare 
the rates of diffusion of the copper and ferrocyanide ions. 

HYDROGEN-ION CONCENTRATION 

N.B. Water throughout these experiments should be 
distilled water. All apparatus and glass must be clean. 

396. Take two test-tubes and, by means of a narrow strip 
of paper gummed along the length of each, graduate the 
tubes at 1 c.c. and at 10 c.c. 

(a) Strong Add. Take 1 c.c. N/1 hydrochloric acid 
(ca,pHo) ; add five drops of brom-cresol green and note the 
colour ; dilute to 10 c.c. with distilled water and note the 
colour of the N/10 acid ; take 1 c.c. of the N/10 dilution, 
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add five drops of brom-cresol green and 9 c.c. water ; note 
the colour of the N/lOO acid ; repeat this 1 in 10 dilution, 
adding five drops of indicator to the 1 c.c. quantities at each 
stage for N/1000, N/10,000, N/100,000 and N/1,000,000 
concentrations. Reserve the 9 c.c. remainders in separate 
tubes ; compare the colours and tints throughout the 
diluted series, which approximates to hydrogen-ion con- 
centrations corresponding to pH 1, 2, 3, 4, 5 and 6 respec- 
tively. Hydrochloric acid may be taken as completely 
dissociated and a strong acid. 

(b) Weak Acid. Take 1 c.c. N/1 acetic acid ; add five 
drops of brom-cresol green and note the colour ; dilute to 
10 c.c. with water and proceed as above to N/1,000,000. 
Compare the colours and tints obtained one with another ; 
then compare this series with the one for strong acid, 
particularly as regards the normality of the concentrations 
of the two acids which give the same or similar tints with the 
brom-cresol green. Acetic acid dissociates only to the extent 

98 

of 0*42 per cent, and is therefore — - or 233 times weaker 

0*42 

than aqueous hydrochloric acid of corresponding normality ; 
but the dissociation is higher at great dilutions. 

(c) The above comparisons should be carried out with the 
same acids and brom-phenol blue in order to see more 
clearly the differences in the higher concentrations.^ Other 
aqueous solutions of acids such as malic, citric and oxalic 
acids can be compared in the same way. 

397. Buffers. Since normal biological acidities lie within the 
range pH3 to pH8, important biological buffer systems are those 
which are most effective in that range. These include mainly 
weak acids mixed with their salts, e.g. in plants there are phosphate, 
malate, citrate, oxalate and bicarbonate-carbonic acid systems. 
The salt systems of polyvalent acids may be said to control or 
buffer the change in hydrogen-ion concentration, when acid or 
alkali is added, by transferring ions from the less acid to the more 
acid salt or vice versdy thus the system KH2PO4 — K2HPO4 
possesses the power of absorbing added H ions by increasing the 
proportion of the first salt in relation to the second, and thus pre- 
venting a change in the concentration of free hydrogen ions. 
The salt-acid systems of monovalent acids, such as acetic acid, 

^ Increased dissociation in the higher dilutions may prevent the 
demonstration of these phenomena with methyl red and indicators 
with higher change points. 
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are less easy to understand, but illustrate the fundamental 
principle better. All acids dissociate in such a way that — 

[H+] X [Ac-] _ . 1 [Ac-] 

[HAc] ’'[H + ] Ka[HAc] 

Since Ka is a constant (the dissociation constant) the concentra- 
tion of H+ varies inversely as \ . The alkali salts of weak 

[HAc] 

acids dissociate much more strongly than do the acids themselves ; 
therefore if a salt NaAc be added to an a(iueous solution of the 
acid HAc, the concentration [HAc] may remain the same, but 
the concentration [Ac~] is increased, thereby increasing the value 

of [ H P ]' means a decrease in the value of 

[H t ], the concentration of hydrogen ions ; the Na i ions re- 
placing the H ^ ions which become undissoeiated. 

(a) Add to 10 c.c. of N/lOO acetic acid, strongly coloured 
red with methyl red, about 1 gramme of pure (neutral) 
sodium acetate. Observe the alteration in colour indicating 
a considerable decrease in the hydrogen-ion concentration or 
increase in pH. 

(b) Repeat using N/10 acetic acid strongly coloured 
yellow with broni-crcsol green. Note that the change point 
of this indicator is lower and therefore N/10 acetic acid gives 
an alteration of colour with BC(i, but not with methyl red, 
on the addition of the neutral salt. 

(e) Prepare two very clean test-tubes ; half fill each tube with 
freshly distilled water ; add to each three drops of phenol red or 
brom-crcsol purple. Add to one tube one drop of N/lOO hydro- 
chloric acid, and to the other tube one drop of N/lOO sodium 
hydroxide. Compare with (d) below. 

(d) Add to 5 c.c. of one-tenth molar K2HPO4, coloured with five 
drops of phenol red, suflicient OT M KH2PO4 to give a neutral 
tint, about pH 7 0 or neutrality. Dilute the mixture with water 
to fill the tube. Transfer half to another clean tube, and add 
acid and alkali as above. There is no change of colour ; no 
large alteration in pH. Keep adding acid and alkali respectively 
to the two tubes, drop by drop, until the same colour change as 
in (c) is obtained. Compare the resistance to change of pH in 
the phosphate buffer solution with the absence of any such 
phenomenon where distilled water alone is used. 

N.B. Tap water is more or less buffered, and the above 
comparison cannot be made satisfactorily unless the water is 
recently distilled. 



NATURAL pH VALUES 


169 


Anthocyan Indicators 

398. (a) Immerse two sets of coloured petals or complete 
corollas in (i.) N/10 acetic acid, (ii.) ammonia (1 in 10 of 
0-880 solution). Note and record the colour changes. 
Suitable materials can be obtained from most bluish 
Boraginacejc, sucli as comfrey, alkanet, lungwort, forget- 
me-not, etc., also Scabiosa, Geranium, Pelargonium, Viola, 
Primula sinensis, llyacinthus (red or blue), Scilla; rose 
petals and cornflower corollas,^ red beetroot, red radish, red 
cabbage, bilberry fruits, green and brown broad bean seeds, 
white and yellow maize fruits may also be used. Natural 
anthocyan indicators are common, and give rise to many 
colour clianges as flowers mature, as in the Boraginaccie. 

(b) Prcj)iire a series of buffer solutions of pH3 0, 4 0, 5 0, 6 0, 
7*0, 80, either by using the Universal BuiTer Mixture (B.D.H.), 
or by Sorensen’s citrate mixture (see Clark's Determination of 
Hydrogen-ions "). Immerse petals or corollas from two or three 
of the above plants in each buffer solution and determine approxi- 
mately the natural hydrogen-ion concentration of the cell sap. 
Closer approximations can, of course, be obtained by using 
smaller steps in the buffer scries. 

Natural and Other pH Data 

399. Cut a healthy potato tuber in half with a clean, 
sharp knife. Place a few drops of carefully balanced diethyl 
red on one cut surface and a few drops of a similar solution 
of brom-crcsol purple on the other. Note the colours. 

(a) Draw a sharp razor edge gently across each surface. 
Note that the track of the cut shows yellow with BCP, 
and may not be visible with the DER. 

(b) Then draw the back edge of a knife blade forcibly 
across each surface. A wider yellow track shows with the 
BCP, and a bright red scar with the DER. 

The deep cut in (b) gives rise to the abundant carbon 
dioxide of injury and considerable acidity, while the gentle 
cut in (a) merely opens one layer of cells and allows the sap 
to escape. 

400. (a) Extend Ex. 30 (b), using a young sprouting potato 
bud and as many indicators as available, e.g, BTB, BCP, DER, 
MR, BCG and BPB. Determine the range within which lies 
the natural hydrogen-ion concentration of the cell sap in the 
various tissues of the young stem. Observe the tissues under 

^ See Buxton and Darbisbire, Journal of Genetics, 25, 71, 1929. 
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L.P. and note the changes in colour with BCP and DER with and 
without a cover-slip.^ 

(b) Apply this Range Indicator Method to transverse sections 
of sunflower hypocotyl and older stem, and such other herbaceous 
material as may be convenient.* Examine the tissues under L.P. 
without a cover-slip ; see Appendix II. for change points. 

401 . (a) Immerse a sliver, with stomata and guard cells, 
from a leaf in 0-04 per cent, aqueous diethyl red ; set aside 
for two hours in darkness. Expose to bright sunlight and 
note the disappearance of the red colour from the guard 
cells due to a reduction of the carbon-dioxide concentration 
by photosynthesis. Note the variations in dull light with 
and without a cover-slip over the sliver on a slide, compare 
with Ex. 400 (a). Suitable material may be obtained from 
either side of a leaf of carnation, daffodil, bluebell or leek 
or the under side of a leaf of Attcuha, Convallaria, Lilium or 
Tradescantia. 

(b) Using a potted plant of Limnanthes doiiglasii which has 
been kept in the dark for twenty-four hours before this experiment 
is begun, infiltrate a leaf segment with aqueous brom-cresol 
purple, by centrifuging the leaflet and solution together. Observe 
the colours quickly under L.P., and expose the leaflets in a little 
water to strong sunshine. Note the appearance of a bluish 
colour, indicating decrease of carbon dioxide and of intercellular 
acidity, with increase in photosynthesis. 

402A. Base Avidity. Since the lignificd or suberised walls of 
plant cells are stained by the acid colours of some indicators and 
not by others, while the substances of these walls are not ionised 
like water-soluble substances, the student should appreciate 
the meaning of the term “ base avidity.” Fatty acids combine 
with alkalies and thus show the presence of ionisable hydrogen 
and other ions. The same may occur with lignin and suberin. 
Compare Ex. 387 above. 

(a) Shake up with aqueous methyl red or diethyl red, and other 
indicators if convenient, 1 c.c. quantities of liquid or melted, 
fatty acids such as myristic, palmitic, stearic, oleic and tiglic 
acids. Note the colours given by the fatty acid. 

(b) Proceed as above after adding alcohol to the indicators 
used. The acid colours when present show throughout the 
liquid and are not, therefore, merely adsorbed as in Ex. 887. 

1 These are due to carbon dioxide accumulating under the cover-slip 
and escaping in the other case. 

2 The degree of differentiation which may be expected in most 
common materials as well as many other kinds of pH data, will be 
found in '' H.i.c. of Plant Cells and Tissues ” (see below). 
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Advanced students will find many instructive experiments on 
surface tension and colloids in relation to hydrogen-ion con- 
centration in “ An Elementary Course in General Physiology,” 
by G. W. Scarth and F. E. Lloyd, (Chapman and Hall.) Other 
useful books, in addition to those mentioned in the Textbook, 
are those by Haas and Hill, Hatschek, Bayliss ; also Hydrogen- 
ion Concentration in Plant Cells and Tissues.” (Small, Born- 
traeger.) 
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PLANT MOVEMENTS 

INTRACELLULAR MOVEMENTS 

Protoplasmic Streaming 

402B. Tradescantia. When the material is available, 
observe the streaming of the colourless ^n-anular eytoplasm 
in various directions through the coloured sap in the stamina! 
hairs from fresh flowers of Tradescantia, 

403. Elodea. Mount a single leaf of Elodea in water, so 
that the under side is turned upwards, add a cover-slip ; 
examine the cells under L.P. for intracellular movement. 
This may be found near the midrib when the leaf is otherwise 
quiescent. Under H.P. fix your attention on one particular 
chloroplast and determine the speed of rotation. 

Movement may be initiated in cold weather (a) by roughly 
pulling a leaf off, (b) by gently warming the mounted leaf 
over a small flame, (c) by leaving the whole leafy stem over- 
night in a beaker of water together with two pennies or othbr 
copper coins. 

404. Determine the effects of various agents upon the speed 
of streaming in Elodea leaf or other convenient material. 

(a) Mount a leaf in water with a cover-slip and apply heat by 
irrigating with drops of warm water or by means of a hot-stage. 

(b) Using a gas-chamber fixed to a slide with hard parafiin or 
Canada balsam, mount a leaf in a hanging drop on a large cover- 
slip so that the under side can be examined under the microscope. 
The upper edge of the chamber should be smeared with soft 
paraffin. 

(i.) Pass hydrogen from a gas supply stored over water, 
through the chamber. Streaming continues for over 
an hour in the absence of oxygen. 

(ii.) Pass washed carbon dioxide from a Kipp’s apparatus 
through the chamber for fifteen to twenty minutes. 
Observe the result and then pass air through the chamber 
172 



TAXISMS 


173 


for at least ten minutes, by displaeement or by using a 
pump. Continue aeration until streaming starts again. 

(iii.) Put a few drops of chloroform in an otherwise empty 
wash-bottle and attach this to the gas-chamber so that 
the air entering is charged with chloroform vapour. 
Record your results systematically. Other possible 
materials are given in the Textbook, p. 355. 

405. Mount an Elodea leaf upside down as before (Ex. 403) 
on an electrode slide, add a cover-slip ; note the speed of proto- 
plasmic streaming, (i.) Connect the electrodes direct to the 
terminals of a 4-volt dry-cell ; observe the streaming during ten 
minutes, (ii.) Connect the electrodes to the terminals of an 
active induction coil and record the effect of the induced (tetanis- 
ing) current. 

Chloroplast Movements 

406. Mount a filament of fresh Mougeotin in water with a 
cover-slip ; note the position of the flat elongated chloroplast in 
each cell. Place the preparation in dull light for ten minutes ; 
then determine quickly under the microscope the position of the 
chloroplast in several cells. Watch the chloroplasts as they slowly 
turn their edges towards the strong light used for the microscope. 

407. (a) Expose some plants of Funaria or other moss or of 
Lemna spp. to sun, while similar plants are being kept in dull 
light, not darkness, for two to four hours. Compare the positions 
of the chloroplasts in representative leaves from the two sets. 

(b) The same phenomenon as in Ex. 406 and (a) above may be 
found in slivers from the under sides of wood-sorrel leaves which 
have been subjected to sun and shade as above. 
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Chemotaxis 

408. Bacteria. Boil a few peas in 100 c.c. water ; set 
aside for three days. Remove a drop of the turbid liquid 
from just below the surface ; place the drop on a clean slide, 
and add a cover-slip. Note the bacteria more or less 
uniformly distributed. Set the preparation aside for half 
an hour ; re-examine the distribution of the bacteria, 
noting particularly the zone around the margin of the 
cover-slip. 

409. Antherozoids. Procure some fresh ripe fern prothalli. 
Prepare a few very fine ciipillary tubes about 01 mm. in diameter. 
Fill these with a solution of malic acid, 0 01 to 01 per cent, in 
tap water, by placing the tubes in a bottle containing the solution 
and attaching the bottle to a suction pump. Wash the outside 
of the tubes in tap water. 
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Mount the prothalli under a cover-slip in tap water, or rain 
water if available. Observe the liberated antherozoids, and then 
insert two or three capillary tubes of malic acid close together 
under the cover-slip at the same side of the preparation. Note 
the subsequent movements of the antherozoids. 

Osmotaxis 

410. Using bacteria as in Ex. 408, and fine capillary tubes as 
in Ex. 409, with solutions of potassium nitrate 0 02 M, 0*2 M, 
10 M and 2 0 M, investigate the balance between ehemotaxis and 
osmotaxis in relation to these organisms. 

Phototaxis 

411. Place a flat-sided open museum jar, containing active 
specimens of Chlamydomonas or other motile algal cells, in a 
box of about the same size, so that three sides and the top 
of the jar are well shaded. Set this arrangement in a dark 
corner. When inspection shows a green layer on the moder- 
ately lighted side of the jar, remove the jar and turn the 
green side to the back ; repeat the exposure to dull light. 
This demonstrates positive phototaxis. Change the position 
so that the exposed side of the jar is illuminated by direct 
sunshine. The results should demonstrate negative phototaxis 
under the stimulus of strong light. 

412. Many interesting variations of the experiments in Ex. 411 

can be obtained with a long test-tube half-filled with water con- 
taining motile green algal cells. The tube is corked ; laid 
horizontal ; 5 cm. at one end are covered with a detachable 

tubular cap of black paper ; the other end of the tube is exposed 
to bright light, while the middle portion is shaded and then other 
arrangements of light, shade and dark are made. The movement 
away from strong light may carry the organisms through the zone 
of medium light into darkness, from which they presently emerge 
and finally congregate in the medium zone. 

Rheotaxis 

413. Using the fresh active plasmodium of a myxomycete 
as the organism, arrange a beaker full of water on a glass 
plate with a strip of pure filter paper dipping to the bottom 
of the beaker, and hanging over the edge on to the glass 
plate. Place the plasmodium on that part of the wet 
paper which is on the plate, and set aside in a quiet place. 
Observe at daily intervals for a week, adding water in the 
beaker if the movement of the plasmodium is slow enough 
to make that necessary. 
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TROPISMS 

GEOTROPISM 

414. Position of Curvature 

(a) Root. Mark a straight root, e,g, of broad bean which 
is about 5 cm. long, with equidistant marks, using, if possible, 
the opisometer with a very light touch. See Ex. 261, and 


b 



Fig. 29. — (a) S, a small wooden stand ; G, a wire beam balance 
with w. scale-pan for weights and P scale-pan with the root 
from B the bean touching the far side. The whole is small 
enough to be placed in a beaker like that in (b). (b) Glass 

beaker arranged as a moist chamber with sheet-cork cover and 
support T for seedling B ; PP, wet blotting-paper partly 
removed to show interior ; hh, air-holes in cover. The sup- 
port T is removed when the apparatus (a) is inserted. A 
glass cover may be used if the beaker is kept in a dark room. 


do not use a seedling which shows any sign of Sach’s 
curvature. Set the seedling aside in a damp chamber such 
as a covered beaker lined with wet blotting paper (Fig. 29b), 
with the marked root horizontal. After two days note the 
relation of the region of curvature to the region of greatest 
growth. 

(b) Stem. Treat a sunflower hypocotyl about 8 cm, long 
in the same way. The upward curvature may occur just 
under the cotyledons, or it may be spread along the whole 
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length, or it may occur just at the base of the hypocotyl. 
Sunflower seedlings vary. 

415. Geotropic Pressure, (a) Fix a seedling so that a 
straight root lies horizontally in a little water over the surface 
of a layer of mercury at least 1 em. deep. Observe the 
positive pressure developed during the geotropic curving 
of the root. If a wide-mouthed bottle with an air-hole in 
the cork be used, the seedling shows interesting developments 
during a period of two or three weeks. 

(b) Prepare an inverted T arrangement with soft wood for 
the upright, S. Insert on the top a twice-bent pin and fit 
a wire beam balance with two micro-pans ^ as shown (Fig. 
29a). Arrange a bean with a straight root horizontally with 
two pins, so that the edge of the concave pan just touches 
the root about 8 mm. from the tip ; put a weight such as 
0-10 or 0 05 gramme ^ on the flat pan. A pin may be used 
under the root near the scale-pan as an extra sup])ort. Set 
the apparatus aside in a moist chamber for twenty-four 
hours ; note, and write an account of the result. 

These experiments demonstrate that the downward 
curvature of the root is not due to a direct effect of gravity. 

416. Plagiogeotropism 

(a) Select a seedling of broad bean or pea wliich is just beginning 
to show secondary rootlets. Fix the cotyledons securely to a 
piece of sheet cork covering a beaker lined with wet blotting- 
paper (see Fig. 29 (b) ). Grow the seedling in darkness until the 
longest secondary rootlets are 2 to 4 cm. in length. Draw a 
diagram showing the main root and the angles of the lateral 
rootlets. Return the beaker to its original dark position and leave 
it tilted at an angle of 45" for two days. Re-examine and draw 
another diagram showing the new positions of root and rootlets. 

(b) If a wide-mouthed bottle be used as a damp chamber, 

^ The flat scale-pan is a cover-slip ; the concave scale-pan is a piece 
of a small thin glass bulb, blown for the purpose ; each is supported 
by two very thin wire filaments, crossed and fixed with Canada balsam 
on the bottom of each pan. The beam is one strand from thin brass 
picture wire ; 6 cm. are straightened, turned in the middle once round 
a pin, and bent down then up again to form end hooks for the rings of 
the pan supports. The beam is carefully balanced with a bent wire 
rider of the same material, hung on one of the hooks and cut gradually 
until the beam is level. 

* 0*2 gm. is too much ; 01 gm. may prevent the downward curving ; 
0*05 gm. allows curvature to take place. 
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any experimental angle up to eomplete inversion of the 
seedling ean be obtained ; and this is a more convenient 
arrangement for first-year work. 

417. Flowers, (a) Select a young inflorescence of 
monkshood, foxglove or other raceme of zygomorphic 
flowers, with the upper flowers still in bud ; insert the cut 
end through a cork or rubber stopper ; fix the stopper in a 
20-cm. length of suitable glass tubing ; invert and fill the 
tube with water. The latter part of the manipulation 
should be carried out quickly ; when the stem has been 
sealed through the stopper a fresh end should be made by 
cutting about 1 cm. off under water, then the tube with 
water should be affixed as quickly as possible. Leave the 
inflorescence, inverted and supplied with water, for about a 
week, taking notes and sketches of the buds as they are 
orientated by gravity stimulus in unusual relations to the 
axis (see Fig. T 856). 

(h) Repeat the above experiment with young spikes of Orchis, 

(e) Modify the above experiment, using a closed tube for water 
su})ply and growing the inflorescence in a horizontal position on a 
constantly rotating klinostat for a similar period of time. 

(d) Arrange a young daffodil scape firmly in a tube of 
water ; record the angle between the stem and the flower. 
Tilt the tube 45° from the vertical and record the angle 
again after twenty-four hours. 

N.B. Light is required for the initiation of this response 
to gravity. 

418. Fix the flat seeds of Cucurhita firmly in moist soil, so that 
some seeds lie flat and others have their flat side vertical. After 
two weeks examine the orientation of the “ peg,” (see Fig. T 858). 

419. (a) Mark a well-grown, vertical grass node with two 
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Fig. 30 (a) see Ex. 419 (a) ; (b) see Ex. 419 (b). 

circles at a measured distance, i,e, two circles 4 mm. apart ; 
bury the haulm in a horizontal position in loose moist soil 
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or coconut fibre (see Fig. 30 (a) ). After two days re-examine 
the specimen and again measure the distance between the 
circles, especially on the upper and under sides. Draw an 
annotated diagram of your results. 

(b) Fit a similar grass node with two glass tubes and bind 
the tubes to a narrow slip of wood (see Fig. 30 (b) ). Bury as 
in (a) and leave for a week. Examine and make an illustrated 
record of the resulting specimen. 


Klinostat Experiments 

420. Stem. Place a healthy, securely potted ])lant on the 
klinostat in a horizontal position. Leave in constant 



Fig. 31. — Small’s Improved Klinostat. Electrically driven, 
this gives rotation periods of ten to thirty minutes, in the 
horizontal or vertical position. 


rotation for twenty-four hours. Stop the klinostat for one 
hour ; mark the uppermost part of the pot ; and leave again 
in constant rotation until a visible curvature appears. 
Note (i.) the direction of the curvature in the stem, and 
(ii.) the time taken for that curvature to develop. 

421. Root. Arrange a seedling with a straight root 
vertically in a damp chamber (see Fig. 29 (b) ) ; attach this 
securely to a vertical klinostat. Turn the apparatus into a 
horizontal position, and rotate for twenty-four hours. Stop 
the klinostat for an hour ; mark and resume rotation as 
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before. Note (i.) the direction of curvature and (ii.) the 
time taken for the first appearance of the curvature. 

422. Presentation Time. By means of a graded series of 
“ stop periods ” determine the minimum period, of continuous 
stimulation, for geotropic curvature in (a) a stem, and (b) a root. 
The “ stop period ” should gradually increase ; a useful series is 
10, 12, 14, 16, 18, 20, 25, 30 minutes ; and rotation between the 
“ stop periods ” should last for at least ten times the preceding 
period of stimulation. 

423. Relaxation Time, (a) Having determined approximately 
the presentation time for the stem or root of one plant, investigate 
the summation of successive stimulations by using successive 
stop or stimulation periods of one-lifth presentation time, and 
rotation periods or rest periods of only three or four times the 
length of the “ stop period.” From the number of stop periods 
required for curvature, calculate the relaxation time approximately 
thus : Let be presentation time, S stimulation or stop time, 
Ii rest or rotation time, all in minutes, and N the number of S 
periods required to get response. Bring NS up to next higher 

PT 

multiple of PT, as NS -f 2 : then - — 2/» the fraction of full 

stimulation which has been summated to get response. If the 
value of 2 / is from 1/2 to 1/10, and the fraction of relaxation time 

11 1 1 

used is X, then xit — ox x -- , also - R rt, the relaxation 

’ 20 20 y X ’ 

time in minutes for S minutes of stimulation. If rT be relaxation 
time as a ratio, then 

Example. PT =- 10, S 2, 11 -- 6, N -- 9, then NS - 18, 
2 - 2, NS + 2 - 20, y -=1/2, then x =-1/10, rf == 10 X 6 = 60for 
2 mins., and rT : 1 =30:1. 

N.B. Relaxation time is a ratio, not a definite period. The 
actual time in minutes depends upon the duration of the stimula- 
tion or “ stop-periods,” as well as upon the plant used. 

(b) The calculated value of Relaxation Time may be checked 
by experimental approximations, using the longer members of a 
series of periods first, but this takes up too much time to be an 
ordinary student’s experiment. 

424. Reaction Time. Set up a seedling with its main root 
vertical and marked near the tip with a very small spot of Indian 
ink. The seedling should be firmly fixed within a museum jar 
with flat sides arranged as a moist chamber (see Fig. 296), and the 
marked side of the root should be near but not touching the glass 
of one side, which is left clear of paper. Prepare the horizontal 
microscope, and lay the jar on its side so that the root is horizontal. 

^ The exact equation may vary slightly, and this is an average value 
for approximations only. 
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Observe carefully and record the positions of the ink spot at 
live-minute intervals during the following thirty to sixty minutes. 
Determine from these observations the reaction time of the root 
used. 

425. Perception Time. This may be determined approximately 
by electrical methods, but is too short to be determined in class, 
except by more advanced students, who will find a suitable 
apparatus and method described by the present writer in Proc. 
Roy, Soc, B., 90, p. 349, 1918. 

426. Rectipetality 

(a) Modify Ex. 417 (d) with a daffodil bud already bent, by 
fixing the tube on a horizontal klinostat and rotating continuously 
for twenty-four to forty-eight hours. Record the angle between 
flower and stem before and after rotation. 

(b) Modify Ex. 420, using mustard or pea seedlings, by con- 
tinuing the rotation on a horizontal klinostat for twenty-four to 
forty -eight hours after curvature has been found. 

The geotropic curvatures in both (a) and (b) may be found to 
disappear ; this straightening effect is known as rectipetality, 

427. Centrifugal Force. Attach a series of straight seedlings 
firmly by two pins to the arms of a Knight’s Wheel which is 
moving at an appropriate speed, i.e, from* one to five revolutions 
per second ; arrange a water supply and keep the wheel in con- 
stant rotation for forty-eight hours. The seedlings should be 
fixed at various measured distances from the centre of the wlieel, 
so that they are subjeeted to centrifugal force of various strengths. 
After forty-eight hours examine and draw the seedlings to show 
the new positions of the root and stems. 

The strength of the centrifugal force varies directly as the 
distance from the centre of the Knight's Wheel, and directly as 
the square of the speed in revolutions. ^ A speed of 100 revolutions 
per minute, with arms 15 cm. long, gives a graded series of 
departures from the vertical position ; and with various speeds 
the relation of gravity to centrifugal force can be studied. 

The apparatus illustrated (Fig. 32) has been designed to give 
a slow revolution, the speed of which can be calculated from that 

^ The formula is F = 4 tt* m N*r. For comparison with the effect of 
gravity on the same material m is constant ; 4?r* = 39*4 ; N, the 
angular velocity in revs, per second, with 20 revs, per minute is -33 
and N* = 0*1089 ; r is the radius in centimetres. The ratio 7-5 
to 1 of the driving wheel and jigwheel gives a practical increase of 
N up to 2*33 and of N® up to 5*4. With N = 2 0 and r = 6 cm., 
F — 945*6 or ca, I g ; and other values of F are obtained along the 
rotating arms, e,g, 0*5 g at 8 cm., 1*5 g at 9 cm. up to 2*5 g at 15 cm. 
If the jigwheel is to be adjusted it should be borne in mind that F 
varies as the square of the speed. Values up to about five times g can 
.J)e obtained at 15 cm. with a 7 to 1 ratio and an increase in the speed 
of the electric motor. 
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of the (Iriving pulley of the klinostat ; the speed of the arms can 
he decreased by moving the horizontal tyred wheel up or down 
towards or away from the centre of the vertical driving wheel 
which connects with the first stage of reduction in the klinostat. 
When the driving jmlUy is at 0-2 revs, per min. the driving wheel 



Kuj. Knij^ht’s Wheel for use with Small’s Klinostat : 

a. driving axis attached to’Klinostat at K div. driving wdiecl ; 
jw. jigw’heel or tyred wheel :fo. four-armed rotating Knight s 
Wheel ” of brass and thick cork to the sides of which seedlings 
arc pinned as shown ; R. water reservoir with cord wicks. 


is at 20 revs, per rnin., so that with the tyred wheel at the circum- 
ference of the driving wheel the speed of the arms is 150 revs, per 
min. ; by moving the tyre up half the radius of the driving wheel 
the speed is reduced to 75 revs, per min., and so on, the speed of 
the tyred wheel being proportional to its distance from the axis 
of the driving wheel. 


Perceptive Region 

428. (a) Czapek’s Boots. Prepare three or four short 
light “ Czapek’s boots,” by bending elosed glass tubes 
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about 2 mm. from the closed ends and cutting off the right- 
angle bends (see Fig. T 861). Attach these to sheet-cork by 
means of melted hard paraffin and arrange suitable seedlings 
in a moist chamber so that the roots will grow into the boots. 
When the root-tips have been fitted, detach the glass boots 
carefully from the paraffin ; and fix the roots in various 
positions with relation to the vertical. Make drawings to 
show the initial positions of the roots and boots. Return 
the shcet-cork with the seedlings to the damp chamber and 
set the apparatus aside in the dark. Examine at daily 
intervals until the roots are all growing horizontally ; then 
add to your previous drawings the new positions of roots 
and boots. State briefly the significance of your results. 

(b) Using seedlings of Setaria or Sorghum,, fix the tips of 
two coleoptiles in closely fitting glass tubes. Support the 
tubes horizontally and keep the seedlings thus arranged in a 
moist, dark chamber. Observe and make illustrated records 
of the resulting curvatures at daily intervals for two or three 
days. Write an explanation of these results, including their 
significance in relation to the perceptive region and the 
continuance of gravity stimulus. 

429. Decapitation* Examine a root-tip of broad bean carefully, 
using a pocket-lens against a strong light. You should be able 
to see a V- or U-shaped translucent zone surrounding the dense 
greyish rounded meristematic region. In the following experi- 
ments you are required to hold the root vertically upside down and 
to cut off as much as possible of the translucent tip and as little 
as possible of the denser part. This operation separates the 
statolith region from the meristem. A very sharp razor should 
be used with great care. Seedlings of broad bean with roots about 
5 cm. long should be used, with a moist chamber for subsequent 
developments. 

(a) Remove the root-cap by an oblique cut, (i.) at right angles 
to the main plane of the cotyledons, and (ii.) in the same plane 
as the cotyledons. 

(b) Remove the root-cap by a straight cut exactly at right 
angles with the axis of the root. 

(c) Lay a seedling with its root horizontal for fifteen minutes ; 
then remove the root-cap as in (b). 

(d) Remove the root-caps from two roots and by means of a 
camel-hair brush moistened with saliva replace the root-caps so 
that they are interchanged, i,e. the cap of the first is replaced on 
the root of the second seedling and the cap of the second on the 
root of the first. 

Each seedling, whenever it has been operated upon, should be 
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fixed with its root horizontal in the damp chamber. Set all four 
experiments aside in the dark and examine daily during a week. 
Make an illustrated record of the final results, and write a brief 
account of their significance. 

430. Oxygen and Ceotropism. (a) Modify Ex. 414a by 
submerging the whole seedling in previously boiled and 
cooled water, with the root horizontal. The equidistant 
marks may indicate a certain amount of growth ; and this, 
together with the effect on geotropic response, should be 
recorded. 

(b) Arrange a damp chamber so that hydrogen from a reservoir 
or from a generator can be passed through. Subject two or three 
seedlings, with marked roots horizontally placed, to an atmosphere 
of hydrogen and compare the results with those of the previous 
experiment. 

431. Statoliths. Investigate the movable starch in certain 
plant cells, using the iodine test for starch, recording the 
number of grains in each of several cells and taking an 
illustrated record of the position of the grains (see Fig. 
T 862). 

(a) Cut longitudinal sections of root-tips from roots 
which have been kept (i.) vertical, and (ii.) horizontal for 
fifteen minutes before being cut. Record as directed. 

(b) Cut a narrow longitudinal V in a stem, e.g. of sunflower or 
clover or bean ; cut the stem into three pieces each with the V cut 
present ; keep one piece vertical, a second piece horizontal with 
the V up and a third with the V down. After twenty minutes cut 
transverse sections of each piece and note the position of the starch 
grains of the endodermis in relation to the V cut which gives a 
point for orientation. Longitudinal sections of the erect stem 
should also be examined. Record as directed. 

432. Hormones, (a) Take a 10-cm. length of fresh young 
bean stem and split one end in half longitudinally ; note the 
direction of curvature due to differential turgidity (see 
Fig. T 868). 

(b) Take another 10-cm. length of fresh young bean stem ; 
lay it horizontally on a clean glass plate under a bell jar 
lined with wet paper ; after fifteen minutes cut the stem 
carefully, with a clean, sharp razor, in half without raising 
it from the glass plate. Lay the upper half with its cut 
surface next the glass and leave the lower half with the cut 
surface upwards. Observe at intervals during two hours, 
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and record the final curvatures found after twenty-four 
liours. Write a brief account of the signilicancc of your 
results. 

Orientation of Branches and Leaves 

433. The arrangements of branches and of leaves may be 
conveniently taken at this stage, although these are due in 
varying degrees to influences other than plagiogeotropism, 
e.g, heliotropism, hyponasty, epinasty, etc. 

(a) In the spring fix a young branch of a suitable shrub or tree 
so that its developing apex is already in the position which it 
would assume later. If the apex develops at its normal angle 
with the vertical, the usual movement is shown to he either 
plagiogeotropic or plagioheliotropic ; hyponasty is eliminated. 
Suitable plants are lime, elm and hazel. 

(b) Examine the internodcs and petioles on side branches 
of Fhiladelphus, Buxus or Lonicera spp., or other shrubs 
with leaves which are opposite and decussate in origin, but 
arranged on the side branches in one plane when mature. 

(c) PiXamine the various twists by which the leaf blades 
on side-branches of the yew (Taxus) are arranged in one 
plane (sec ‘‘ P.-l. P. L.” No. 182). 


PHOTOTROPISM 


Positive Phototropism 

434. Place a pot of vertical mustard seedlings which have 
been grown in full light in a phototropism box, i.c. a box 
with only a slit at one side for the admission of liglit. Observe 
and record the appearance of the seedlings twenty-four 
hours later. This experiment demonstrates very distinctly 
the same positive phototropism as is shown in lesser degree 
by potted plants near house windows. 

435. Arrange two similar pots of mustard seedlings one 
exposed to lateral illumination from only one window, and 
the other beside the first, but rotating on the vertical 
klinostat. Compare and reeord twenty-four hours later. 

436. Using a phototropism box with coloured glass slips, 
investigate the response of mustard or other seedlings to light of 
different wave-lengths. Record your results, with a brief account 
of their significance. 

437. Perceptive Region, (a) Grow at least a dozen Setaria or 
Sorghum seedlings in complete darkness until the coleoptiles are 
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10 to 1*5 cm. long. Prepare six small tin- foil caps about 3 mm. 
long to fit over the tips of the eoleoptiles. Fit the caps on six 
seedlings and leave the others free. Place the pot of seedlings 
in a phototropism box, and reeord the result after twenty-four 
hours. 

(b) Place loosely fitting tin-foil caps on the tips of mustard, 
cress, sunflower or maize seedlings, leaving others in the same 
pot free. Expose to unilateral illumination as before and record 
the result after twenty-four hours. 

Compare and write a brief account of the signiftcance of the 
two sets of results from (a) and (b) ; comparing also the normal 
stem in its response to gravity. 

Negative Phototropism 

438. G row some mustard seedlings in loose eoeonut fibre 
until the roots are 2 to 5 em, long. Remove the seedlings ; 
w'ash the roots gently in water, and pin the cotyledons to a 
strip of sheet-eork fixed across a beaker. Add sullieient water 
to immerse the roots, and expose the seedlings to unilateral 
illumination in a phototropism box. Reeord the appearance 
of the seedlings ineluding both roots and stems after twenty- 
four hours. 

Plagiophototropism 

439. In order to separate clearly the effects of gravity and of 
light upon the plagiotropic orientation of leaves, it is necessary 
to rotate the experimental plants on a horizontal klinostat in 
such a way that the gravity stimulus is eliminated or neutralised 
while, at the same time, the plant is exposed to light always 
falling upon the same side of the plant. 

Fix a 5-inch flower-pot on a klinostat ; prepare a cover of 
black paper for the pot with a slit 2 cm. wide and 10 cm. long. 
Tie a ball of wet cotton-wool firmly around the base of the experi- 
mental plant and wedge the cotton-wool into the flower-pot 
with three strips of wood, so that the axis of the plant is at right 
angles to the rotating axis of the klinostat. Tie the black paper 
cap on the pot ; place the klinostat so that the slit in the cap faces 
a window light, and rotate the plant continuously for forty-eight 
hours. 

Any rearrangement of the leaves so that they receive better 
illumination by torsion of the petioles or leaf- bases is due to 
plagiophototropism. Suitable materials are short leafy twigs in 
the young stages of privet, Portugal laurel, Veronica salicifolia^ 
etc., short leafy shoots of deadnettle, wood sage, Mimultis and 
Lysimachiay or rooted plants of lesser celandine, ground ivy, etc. 
Growth curves, hyponastic or epinastic, may be disturbing factors, 
especially in the herbaceous materials. 
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HAPTOTROPISM 

440. Using a waterproof adhesive, such as shellac mixed 
with a very small quantity of methylated spirit to form a 
sticky varnish, fix a millimetre square of rough cardboard 
to one side of the tip of a bean root. Set the seedling to 
grow in a moist chamber, and record the results daily for 
about a week. 

441. Prepare a glass beaker two-thirds filled with rather 
large pieces of broken flower-pot material ; add a layer of 
wet coconut fibre and a top layer of soil. Wet the whole so 
that there is at least 1 inch of free water in the bottom of the 
beaker. Select a few seedlings with radicles about 4* cm. 
long, and plant these in the prepared layer of soil, so that 
the radicles can be seen from the outside, amongst the 
earthenware. Set the beaker aside for a week, and then 
study the result carefully. Reconstruct for yourself the 
course taken by the root-tips and write an illustrated account 
of the phenomena from the point of view of haptotropic 
movements. 

442. Perceptive Regions. Examine, under H.P., fresh 
preparations of the sensitive filaments of Lapsana communis, 
Carduus crispus, Cnicus lanceolatus, or Centaurea cyanus ; also 
the inner surface of filaments of Berberis or Mnhonia. Note and 
draw the tactile pits as the haptotropic perceptive regions. 

443. Pulvini. As the motor regions in many haptotropic 
movements, the cushions or pulvini of various plants should 
be examined. 

(a) Cut transverse and longitudinal sections of the elongated 
pulvinus of Phaseolus. Make line diagrams of both views 
and draw a small part of the loose tissue with intercellular 
spaces under H.P. 

(b) Using plants of Oxalis acetosella potted, or preferably 
in their natural environment on a warm day, stimulate the 
three pulvini of a leaf one at a time by rubbing the under 
surface of the pulvinus gently with the end of a thin twig 
or pencil point. 

Note (i.) the downward movement of each leaflet ; (ii.) the 
absence of any transmission of the stimulus ; (iii.) under a 
good lens, the appearance of wrinkles on the under side, while 
those previously present on the upper side disappear (see 
“ Pocket-lens Plant Lore,” No. 75). If time is available, 
observe the recovery to the original position. This takes 
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about an hour, and the wrinkles may then be seen to be 
again distributed as they are in undisturbed leaves with the 
leaflets expanded. 

444. (a) Revise the experiments on haptotropic move- 
ments of tendrils, styles, and stamens, also of IJrosera and 
other insectivorous plants, Chapters XVII, XXI, and also 
XII. 

(b) As part of this revision, the more advanced student should 
attempt to measure approximately the rates of growth of a 
stimulated tendril and an unstimulated tendril. This may be 
done without touching the tendrils, by making as accurate 
drawings as possible of two tendrils of Lathyrus odoratus and 
measuring the drawings. It is convenient to tie a selected leaf 
to a support so that the tendrils are not stimulated by aceident ; 
one drawing is made of two tendrils ; one of the two tendrils is 
stimulated and about an hour later a second drawing is made of 
both tendrils. The difference is obvious, but measurement of the 
drawings gives a roughly quantitative comparison. 

445. Mimosa. The sensitive plant responds 

to a variety of stimuli. The complete range of movement 
is somewhat complicated. This should be observed and a 
record made of the movements of the pinnules of the main 
divisions of the palmate leaf and of the petiole. 

(a) Haptotropism. Touch a pinnule gently on the under 
side of its pulvinus and note the local response. Observe 
the lack of response to a similar touch on the upper side of 
the pulvinus. Strike another pinnule sharply and note the 
transmission of the stimulus to other pinnules. 

(b) Thermotropism. Bring a hot needle carefully near a 
pinnule without touching the leaf at all. Note the response. 
Bring a small flame, e,g. from a match, below the terminal 
pinnules of one division. Note the transmission of the 
stronger stimulus. 

(c) Chemotropism. Place one drop of water on one pinnule, 
one drop of 0-880 ammonia on another pinnule, and one drop of 
concentrated hydrochloric acid on a third pinnule. Each pinnule 
should belong to a different division of the same leaf. Observe 
and record the responses and the way in which the stimulus travels. 

(d) Electrotropism. Wind a bare wire gently round the stem 
of a Mimosa plant ; connect this to one terminal of an active 
induction coil. Connect another wire to the other terminal ; 
attach a piece of soft fine wire to the end of the second wire and 
touch the upper surface of a leaf pulvinus with this fine wire. 
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Compare the response in this case with the absence of haptotropic 
response to a simple touch on this part, see above (a). Check 
the absence of haptotropism by touching a pulvinus in a similar 
way with the same wire detached from the induction coil. 

HYDROTROPISM 

446. (a) Grow some mustard or other small seedlings in 
moist coconut fibre laid upon a shallow tray of perforated 
zinc or wire gauze over water. When the roots begin to 
emerge, turn the tray at an angle of 45° to the vertical and 
keep the fibre well moistened. Make an illustrated record 
of the result after two days. 

(b) An alternative method of demonstrating positive hydro- 
tropism is the following. Arrange a series of seedlings with 
short roots through the holes of a porous “ hydrotropism funnel.’’ 
Fill the interior of the funnel with dry sawdust or coconut fibre 
to keep the seedlings in position ; place the stem of the funnel in a 
“ hydrotropism vase ” full of water. Observe and record the 
results as before. 

THERMOTROPISM 

447. This is best studied by means of a specially made Thermo- 
tropism Box, as illustrated in Fig. fiii. The wide mesh wire 

gauze WG is placed in posi- 
C tion in the slots of the 

wooden ends KF. 

(a) The compartments A 
and B are then filled with 
loose, moist coconut fibre 
up to the top of the gauze. 
Twenty mustard seeds are 
then sown above compart- 
ment B in the top layer. 
After five or six days in 
which normal germination 
takes place, the metal com- 
partment C is kept filled 
with ice for three days, 
the compartment D is then 

Fig, 33. — Thermotropism Box (for filled with ice, and C is 
explanation see text). emptied ; GO are drainage 

openings (Fig. 33). After 
another three days the alternation of cold in C and then in D 
may be repeated. The wire gauze and fibre should then be re- 
moved carefully, when a considerable number of roots will be 
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found to have passed first from B to A through the gauze and 
then back again from A to B. 

(b) The same alternate application of hot water, especially if 
it is applied to cotton-wool packed in the compartments C and D 
and renewed about three times a day, gives the same effect of 
interwoven roots. 


Chemotropism 

448. (a) Revise Exs. 222, 223, 220, wliieh are examples of 
chemotropic stimulation. 

(b) See also Ex. 445 (e) above, as another example. 

(e) Revise Ex. 361 (pollen tube), which is an example of 
cl^emotropism with much biological significance. 


Traumotropism 

449. Revise Ex. 429 (a), which is a specia lease of traumatic 
stimulation and response. 

450. Since the result of oblique decapitation of the root -tip 
may be attributed to greater growth with a greater amount of 
meristem left on one side, the student should take a very sharp 
razor and cut a small notch from the cortical cover of a bean root- 
tip ; place the seedling in a moist, dark chamber and observe the 
resulting traumotropic curvature. 

Nutation 

451. Revise Ex. 294, which deals with the comparatively 
large and comparatively regular spiral movement of the 
apex of a twining stem. 

452. The smaller and less regular nutatory movements of 
ordinary stem apices can be followed by a suitable method of 
magnifying the linear dimensions of the movements. 

(a) Fix a small drop of red sealing wax not more than 1 mm. 
diameter to the stem apex of a young potted plant, r.g. sunflower 
or bean or pea. Arrange the pot on the floor in a box about 
9 in. high and 6 in. square. Fix two white threads, crossing each 
other at right angles, on a retort ring, if necessary, 15 to 20 cm. 
above the stem apex, arranging the cross of the threads so that 
it is directly above the sealing wax. Arrange a glass plate on a 
clamp-stand about 50 cm, above the crossed threads. Mark a 
dot with Indian ink on the glass plate, so that this dot, the cross 
of the threads and the drop of sealing wax are in alignment. 
Repeat the marking of aligned dots at intervals of thirty to sixty 
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minutes, as convenient during the next twenty-four hours, 
numbering the dots as they are made. Transfer the record of 
numbered dots to your notebook,^ and connect up the dots in 
proper sequence. Note that this method gives a reversed record 
of the actual movements of the stem apex. 

(b) An alternative method of magnifying these nutatory move- 
ments and obtaining a direct record may be found in “ Power of 
Movement in Plants,” by C. Darwin (p. 7), which is a book that 
all students should read at this stage. 

Epinasty 

453. Select a plant of lesser celandine which has its leaf- 
blades upon the ground ; uproot the plant carefully, digging 
up only the centre of the earth over which the shoot is 
spread. Note the strong downward curvature of the petioles, 
which is due to greater growth tiirgidity on their upper sides. 

454. Investigate in the same way other similar plants with 
radical leaves bent towards the surface of the earth, e,g. Plantago 
spp., Potentilla anserina, sundew, butterwort, etc. 

455. (a) Observe and make illustrated records of epinastic 
growth, (i.) in the uncoiling of a young fern frond, e.g. Aspidium, 
and (ii.) in the opening and final downward curving of the lateral 
branches of Equisetum arvense. 

(b) Epinastic effects as such may be distinguished from plagio- 
geotropic effects by keeping the above plants either rotating on a 
horizontal klinostat, while the movement is observed, or by 
keeping securely potted plants upside down, with a screen around 
the soil, in the dark for several days. The Equisetum main axis 
may turn upwards, but the lower later branches still show an 
epinastic curvature. Geotropic effects complicate the case of 
the fern frond and also that of Rumex leaves. 


Nyctitropism 

The natural periodic movements of leaves and flowers 
whereby they assume different aspects with the alternation 
of day and night are frequently temperature effects, but in 
the case of clover (Ex, 456 below) light is the dominant 
factor. 

456. Light, (a) On a warm, sunny day, place a 5-ineh 
flower-pot, with a cork in the hole at the bottom, in the 

1 This may be done easily by using the glass plate on a copying 
table with an electric lamp below. The dots then show through the 
paper. 
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sunshine for two hours, in order to heat it. Then plaec tlie 
heated pot over some clover shoots. Two hours later com- 
pare the clover leaves which have been in warm darkness 
with some which have been for at least the same period in 
warm outdoor shade. Make an illustrated record of your 
results, including a careful drawing of at least one representa- 
tive leaf of each kind. 

(b) Repeat this experiment with the open flower-heads of 
the daisy {Beilis perennis). Note carefully the angle of the 
ray florets and measure the distanee between the tips of the 
florets diametrically across the eapitidum. 

457. Temperature, (a) Attach by means of sticky shellac 
varnish ^ two slender glass filaments about 15 cm. long 
vertically to opposite perianth segments of a closed tulip 
flower. Set up a millimetre scale so that the distance 
between the upper ends of the filaments can be readily 
measured. Fix a thermometer close to the flower. Read 
the temperature and measure the distance. Then bring by 
stages an electric hot-plate nearer to the flower, repeating 
your observations of temperature and degree of opening 
of the perianth at each successive stage, and allowing ten 
minutes for equilibrium to be reached after each approach 
of the hot-plate. After two definite stages of opening have 
been obtained, withdraw the hot-plate and record the. 
subsequent closing movements with fall of temperature. 

(b) Repeat the above experiment in a dark room using a 
daisy flower-head, which has been partially closed by being 
kept in the dark. Compare Ex. 456 (b) ; both light and 
temperature have an effect upon the daisy. 

458. Observe, as opportunities arise, the day and night 
positions of the leaflets of Oxalis spp., and MarsUea ; the 
leaves of Nicotiana (Fig. T 875), Mimosa ; the cotyledons 
of cabbage and radish, etc. 

459. Autonomous Movements. Desmodium and Averrhoa, the 
classical examples, are not always readily available, but slower 
and slighter movements can be detected in clover leaflets. Using 
a plant of clover which has been potted for at least twenty-four 
hours, fix the petiole of one leaf firmly to a small stick stuck into 
the soil. The petiole should be bound to the stick, by means of 
giunmed paper, in such a way that the terminal leaflet is quite 
free to move in any direction. In order to follow the oscillations 
of the leaflets more clearly a 4 cm. square of white cardboard 

1 See Appendix II. 
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should be marked with two black lines crossing in the centre at 
right angles, and this should be fixed by means of a clamp-stand 
or another stick about 2 cm. behind the leaflet, with the cross 
of the lines level with the pulvinus. Observations of the 
exact position of the leaflet in relation to the lines should be 
recorded at hourly intervals throughout a period of at least four 
hours. 
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HEREDITY 

The most useful approach to practical work in heredity, 
for the first- or second- year student, consists of the solution 
of theoretical problems. The actual work of selection, 
crossing and subsequent segregation is too lengthy a process 
for a two-year course ; and an intelligent appreciation of 
the results obtained by others is the most that can be 
expected from beginners. 

The problems set below are intended to illustrate only 
such phenomena as are considered in the Textbook. 

460. Given pure breeding strains of tall and dwarf peas 
respectively, what would be the result in the plants of the 
following year, of : — 

(a) Self-pollinating flowers of each strain ; 

(b) Cross-pollinating flowers of the two strains ? 

What can you deduce from this concerning the relation 
of the characters, tallness and dwarfness ? 

461. Give a brief account of how you would make sure of 
self- and cross-pollination in the above experiment. 

462. What would be the result of self-pollinating flowers 
on the Fl plants obtained from Ex. 460 (b) ? 

463. (a) Given that two strains, A and B, are crossed, and 
that the Fl generation when selfed yields progeny resembling 
the parents as regards one pair of opposed characters in the 
ratio of 3B : lA, what deductions could you make concerning 
the characters studied ? 

(b) The phenotype is the organism as seen ; the genotype 
is the organism as it is shown to be by genetic experiments, 
or its “ factorial constitution.” How many phenotypes and 
how many genotypes would occur in the F2 generation as 
the result of crossing A and B and selfing the Fl progeny ? 

(c) What would be the constitution of each genotype ? 

(d) How is this related to the appearance of the phenotype 
and to the relation of the characters considered ? 

464. Given two strains of peas which breed true for the 

P.B. 193 7 
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tall-dwarf pair of characters, what is the minimum number 
of years in which the behaviour of these characters in 
inheritance may be fully tested ? 

465 . Given two strains of peas which breed true for the 
yellow-green or round- wrinkled pair of seed characters, what 
is the minimum number of years in which the Mendel ian 
inheritance can be fully tested ? Yellow is dominant over 
green and round over wrinkled. 

466 . Given a mixed population of peas, what is the 
minimum period of time in which you could obtain strains 
breeding true for : (i.) dwarfness, (ii.) tallness, (iii.) green 
seed, (iv.) yellow seed, (v.) round seed, (vi.) wrinkled seed ? 
Write, briefly and clearly, the reasons for the differences in 
the various periods. 

467 . Draw diagrams to show the phenotypes and genotypes 
which would result from “ back-crossing ” the Fl generation 
of Ex. 463, with (i.) the pure or homozygous dominant, and 
(ii.) the homozygous recessive. How would the “ back- 
crossing ” be carried out with an annual plant such as the 
pea ? 

468 . The plants resulting from a cross between two strains 
of peas yield yellow and green seeds in equal numbers ; 
what was the genetic constitution of the parents with regard 
to the factors for these characters ? 

469 . Using the facts given in Ex. 465, consider the case 
of a pure strain of pea with yellow round seeds crossed with 
another pure strain of pea with green wrinkled seeds, the 
crossing being followed by self-pollination of the Fl hybrid. 

(a) How many different kinds of gametes are available 
in the Fl generation ? 

(b) How many phenotypes and how many genotypes 
would occur in the F2 generation ? 

(c) What would be the ratio of (i.) the different phenotypes, 
and (ii.) the different genotypes ? 

470 . Extend the above consideration to the following 
cases, analysing the Fl and F2 results for : 

(a) Pure breeding yellow wrinkled YYrr crossed witli 
pure breeding green round t/t/RR : 

(b) Heterozygous Yyrr wrinkled crossed with green 
homozygous round : 

(c) Heterozygous Yt/Rr “ back-crossed ” with the original 
parent strains, e.g. (i.) homozygous yellow round, and (ii.) 
with homozygous green wrinkled. 
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471. Given a set of three dominant characters, such as tallness, 
yellow and round seed together with a corresponding set of three 
recessive characters, such as dwarfness, green and wrinkled seed ; 
calculate for F2 the genetic composition, numbers of phenotypes 
and genotypes, and the ratio of these when a pure dominant ^ is 
crossed with a pure recessive and the FI plants self-pollinated. 
How many different kinds of gametes are available for the pro- 
duction of (a) the FI generation, (b) the F2 generation, and (c) the 
F3 generation ? 

472. When a white- flowered “ four o’clock ” {Mirahilis 
jalapa) is crossed with a red-flowered variety of the same 
species, all the Fl flowers arc pink and, when these arc 
either self-pollinated or cross-pollinated amongst themselves, 
the resulting F2 plants are of three kinds with red, pink, 
and wliitc flowers respectively, 

(a) Draw a diagram to show the gametes involved in the 
production of the F2 generation, and its genotypic and 
phenotypic constitution. 

(b) How many phenotypes and how many genotypes 
occur in F2 ? 

(c) In what ratio do these occur ? 

(d) What is the relation of the characters red and white ? 

473. One strain of wheat with red kernels is crossed with 
another strain having white kernels ; the Fl generation has light 
red kernels ; compare the incomplete dominance in Ex. 472. 
The F2 generation, from self-pollinated plants, shows a ratio of 
fifteen plants with reddish kernels to one plant with white kernels. 
The reddish character shows four degrees of depth in the red 
colour. 

(a) Which Mendelian ratio is indicated ? 

(b) Draw a diagram to show the gametes involved in the 
production of the F2 generation, and its genotypic and phenotypic 
constitution. How many factors for “ redness ” are present, 
and what is the relation of these factors ? 

474. Another strain of wheat with red kernels is crossed with a 
strain having white kernels ; the Fl generation has light red 
kernels as above. The F2 generation, from self-pollinated plants, 
is again of two kinds superficially, but the ratio is sixty-three 
reddish to one white. 

(a) Which Mendelian ratio is indicated ? 

(b) Draw a diagram to show the possible gametes and the 
resulting genotypes and phenotypes of the F2 generation. 

^ I.e, pure dominant in respect to all the three pairs of characters 
considered. 
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(c) How many factors for “ redness ” are present and what is 
the relation of these factors ? 

(d) How many degrees of redness should be present in the F2 
generation ? 

(e) In what ratio should these different phenotypes occur ? 

475. In the sweet pea, red flowers nearly always have erect 
standards, very seldom hooded standards, whereas purple flowers 
commonly have either erect or hooded standards. 

(a) Taking B and E as the dominant blue ^ and erect factors, 
b and e as the recessive red and hooded factors draw a series of 
diagrams to show the various genetic arrangements in the follow- 
ing possible crosses ; (i.) red erect with purple erect, (ii.) red 
erect with purple hooded. 

(b) If redness and hooded standard never occur together, what 
conclusions can you draw from the above diagrams combined 
with this extra fact, (i.) as regards the possible kinds of gametes, 
(ii.) as regards the positions of the genes or factors for the various 
characters in the chromosomes concerned ? 

476. In the sweet pea purple colour (B) and long pollen (L) 
arc dominant over red colour (b) and round pollen (1). in an 
F2 generation, grown from an Fl lot produced by crossing a pure 
breeding purple long strain with a similar red round strain, four 
phenotypes occur, i.e. plants with purple ^ long, purple round, red 
long and red round characters. 

(a) If the ratio in which these phenotypes occur is 177 purple 
long ; 15 purple round ; 15 red long ; 49 red round, what is the 
ratio in which the gametes occur, i.e, BL ; B1 ; bL : bl ? 

(b) If the gametes Bl and bL did not occur at all, would the 
case then be similar to that in Ex. 475 ? 

(c) Assuming that the gametes Bl and bL occur in the ratio 
of I : 7 of either of the other types of gametes, how may the 
existence of the Bl and bL types be explained ? 

(d) Since BL and bl occur in the ratio of 7 : 1 of the other 
kinds of gametes what conclusions can you draw as to the position 
of the genes or factors for the various characters in the chromo- 
somes concerned ? 

(e) What percentage of crossing-over is indicated, if the normal 
gametic output of the Fl plants is taken as BL and bl ? 

Note, The second edition of the Textbook requires revision 
of this particular phenomenon. The positions of L and 1 in Fig. 
880 should be reversed and the text on pp. 383-384 altered to 
accord with the amended figure. 

^ Purple is given by the presence of both blue and red ; red therefore 
occurs in the absence of the blue colour factor. 

* See footnote to Ex. 475. 



CHAPTER XXVIII 


EVOLUTION 

The process of natural evolution is normally too slow, 
the available experimental examples are as yet too critical 
and the results too uncertain to be suitable for students’ 
experiments. Ecogenesis (see Textbook, p. 388) may in 
time become a laboratory procedure. In the meantime the 
student can be on the outlook for examples of large or 
mutational changes ; for example, one plant out of an 
extensive normal daisy population on the writer’s lawn 
showed mutation in 1930 from the normal full-green leaf to a 
variegated leaf with bi'oad, pale yellow lines over the main 
veins. This plant is still (1931) propagating vegetatively 
more or less in the normal way. Examples of bud mutations 
such as reversion of the cut-leaved beech to the normal form 
on some twigs of the tree, and also reversion of normal 
spineless pear-tree branches to the spiny form of the ancestral 
wild pear, may be observed occasionally ; and serve as 
examples of sudden large changes in apparently stable 
organisms. 

In addition to occasional observations of such mutational 
or discontinuous variations, the student should study carefully 
at least one ease of normal or continuous variation, in order 
to be able to appreciate the critical analysis of these pheno- 
mena which is necessary for the scientific demonstration of 
the processes of heredity and evolution. It is not suggested 
that there is any progressive or other kind of evolution by 
selection of continuous variations, but it is suggested that the 
proper appreciation of discontinuous variation, especially 
in its incipient stages, is possible only if the student knows 
something of what is involved in critical observations of 
variation in general. The exercise given below is to be 
considered only as one possible example, to show the method 
rather than the data. Many others will occuf to the teacher 
or to the intelligent student, and it would be of more 
educational value to study quite a different example along 
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the same lines. The notation used is rather unorthodox, 
and there are many refinements used in research practice 
which will be found in the standard books on statistics, 
The aim of this exercise is to teach statistical manipulation 
only to the extent of first- or second-year work, to show that 
even crudely quantitative expressions of variations have an 
interest and significance for the most elementary student of 
botany. 

477. Prepare two blank tables for lengths and widths, like 
Tables I and II without the measurements. Label at 
random ten branches of cherry-laurel, each with at least 
ten leaves on the main stem. Using a millimetre scale, 
measure to the nearest half-millimetre the full length and 
the maximum width of each leaf-blade on branch I, entering 
the data as millimetre numbers in the column I of each table 
as soon as they are obtained. Measure and record in the 
same way the length and width of each leaf, from the apex 
downwards, on each of the other branches from II to X. 
These recorded measurements give results as in Table I for 
lengths and Table II for widths. 

One hundred individual leaves is rather a small number 
for statistical purposes and ten branches chosen at random 
are likely to show rather large errors ; but as a student’s 
exercise, the sample taken is at least instructive. 

Table I 


Length in Millimetres. 


Branches 



I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

1 

99 

117 

101-5 

120-5 

905 

108 

105 

92 

109 

131 

2 

125-5 

136 

115 

133 

116 

129 

129 

121 

123 

146 

3 

142 

147 

130 

143 

125-5 

143 

132 

135 

137 

150 


145-5 

138 

118-5 

134 

136 

143 

131-5 

142 

136 

121 

> 5 

137 

120 

124 

131 

139 

144 

132 

149 

140 

112 

w 0 

130-5 

117 

111 

116 

137 

123 

128-5 

141 

130 

105 

|3 7 

129 

115 

107 

114 

134 

128 

125 

139 

132 

123 

8 

114 

112 

84 

116 

122-5 

108-5 

112 

131-5 

110 

126 

9 

102 5 

129 

101 

132 

96 

125 

108 

124 

131 

124 

10 

134 

135 

131 

126-5 

113 

140-5 

122 

127-5 

1305 

133 
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Table II 

Widths in Muslim ktres. 
Branches 



I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

i X 

1 

415 

525 

40 

51 

36 

45 

46-5 

34 

44 

57 

2 

57 

63 

53 

60 

1 50 

55 

61 

50 

58 

04-5 

3 

58 

59-5 

58 

59 

59-5 

60 

57*5 

i 62 

57 

70 

w 4 

59*5 

01-5 

58 

54 

53-5 

59 

57*5 

1 00 

50*5 

02 

> 

02 

59*5 

57 

58 

.55-5 

61-5 

58 

61 

55-5 

61 

< ft 

57 

57*5 

55 

59 

55 

59 

54*5 

61 

53 

48 

^ 7 

58 

50 

49 

48 

53 

59 

52 

54 

50 

01-5 

8 

52 

49 

31 

50 

51 

44 

47 

55 

47 

02 

9 

48 

02 

49 

60 

36*5 

02-5 

44 

52*5 

.56-5 

57 

10 

02-5 

01 

64 

55 

51 

63 

53-5 

51 

58 

57-5 


Position and Length. Inspection of Table I will show 
that the leaves are progressively longer from the apex down- 
wards, for the first three positions on every branch, for the 
first four positions on branch I, and for the first five positions 
on branches V, (VI), VIII. After this initial increase, there 
follows a decrease which is progressive to position 9 on 
branches I, V and VIII, to position 8 on branch II, to position 
7 on branch IV. This decrease also shows irregularly on the 
other branches. 

Position and Width. Similarly inspection of Table II 
shows that the maximum leaf- width increases from the apex 
to position 5 on branch I, and to position 3 on branches III, 
V, VI, VIII, X. The decrease in leaf-width for lower leaves 
is irregular, but present in a general way. 

Position and Size. The recorded measurements show 
what is apparent to the eye in that the first leaf is smaller, 
the next medium, and the third larger. There are from seven 
to nine leaves on each year’s growth, so that a small leaf 
recurs in position 8 to 10, as the top leaf of the previous 
year. Apart from these obvious correlations of size and 
position the sizes vary amongst themselves from branch to 
branch, with the result that we can analyse the distribution 
of length and width as though we were dealing with a random 
sample of 100 individuals or “ variates.” If the first two 
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leaves on each branch were omitted, the “ population ” or 
sample of leaves would be more uniform, and the error of 
using individuals of different ages would be largely eliminated. 


Table III 


Class 
Kange 
in mm. 

Class 
Value 
— V mm. 

Length 

Individuals or Variates 

(^llass 
Totals 
- f 

I 75-85 

80 

84 

1 

II 85-95 

90 

90-5, 92 

2 

111 95-105 

100 

96,99, 101,101-5, 102-5 

5 

IV 105-115 

110 

107, 108, 108-5, 105, 108, 109, 10.5, 114, 112, 111, 114, 
113, 112, 110, 112 

115, 117, 117, 115, 118-5, 116, 110, 116, 120, 124, 120-5, 
122-5, 123, 122, 121, 124, 123, 121, 123, 124 

15 

V 115-125 

120 

20 

VI 125-135 

130 

125-5, 129, 129, 126-5, 125-5, 129, 128, 125, 129, 128-5, 
125, 127-5, 126, 130-5, 134, 130, 131, 133, 1.34, 131, 
132, 134, 132, 131-5, 132, 135, 131-5, 130, 1.32, 131, 
130 5, 131, 133 

33 

VII 135-145 

140 

139, 137, 136, 137, 136, 138, 135, 1.36, 139, 137, 142, 
143, 143, 143, 144, 140-5, 142, 141, 140 

19 

VIII 145-155 

150 

145-5, 147, 149, 146, 150 

Total 

5 

100 


Table IV 


Class 
Kange 
in mm. 

Class 
Value 
= V mm. 

Width 

Individuals or Variates 

(lass 
Totals 
- f 

I 

30-35 

32-5 

31, .34 

2 

11 

35-40 

37-5 

36, 36-5 

2 

III 

40-45 

42 5 

40, 44, 44, 44, 41-5 

5 

IV 

45-50 

47-5 

48, 49, 49, 49, 48, 45, 46-5, 47, 47, 48 

10 

V 

50-55 

52 5 

52, 52-5, 53, 51, 64, 50, 50, 53-5, 53, 51, 51, 54-5, 52, 
53-5, 50, 54, 52-5, 51, 53, 50 

20 

VI 

55-60 

57-5 

57, 58, 59-5, 57, 58, 59-5, 58-5, 57-5, 56,58,58, 57, 55, 
59, 58, 59, 55, 59-5, 55-5, 55, 55, 59, 59, 59, 57-5, 
57-5, 58, 55, 58, 67, 56-5, 55-6, 56-5, 58, 57, 57, 57-5 

37 

VII 

60-65 

62-5 

62, 62-5, 63, 61-5, 62, 61, 84, 60, 60, 60, 61-5, 62-5, 63, 
61, 62, 60, 61, 61, 64-5, 62, 61, 61-5, 62 

23 

VIII 

65-70 

67-5 

70 

Total 

1 

100 


478. Variation Polygons. One type of “ normal curve 
of variation ” may be considered as the graphic expression 
of the binomial (a + b)'^ , where a == b = 1 and n is a large 
number. When n is small, the “ curve ” becomes an angular 
line enclosing with the base a “ variation polygon.” With 
n = 6, the number of individuals or variates is 64, and the 
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distribution 1 + 6 + 15+20 + 15-1-6 + 1 (see A in Fig. 
34). With n = 7, the number of variates is 128 and the 
polygon has a flat top (see B in Fig. 34). In the present 
example the number of variates is 100, and therefore the 
polygon should lie between the limits for 64 and 128, with 
a possibility of an apical angle as in A (64) or C (256) (see 
Fig. 34). 

Grouping. Taking ranges of 10 mm. for lengths and of 
5 mm. for widths, group the data in classes ” as in Tables 
III and IV. The number of individual measurements or 
‘‘ variates ” in each class is known as the ‘‘ frequency.” 
Each class is given a deflnite “ value ” in millimetres by 
taking the mid-point for each class, e.g, the range 95 — 105 
in this case includes all the measurements which are 95 or 
more up to 104-5, and thus all lie around 100 mm. for Class 
III lengths. The vertical lines upon which the frequencies 
are marked pass through the “ values ” and are thus in the 
middle of the “ ranges.” 

Graphing. These data from Tables III and IV should be 
graphed, using the class “ values ” as abscissae and the 
“ frequencies ” as ordinates. When this is done as in Fig. 
34, the polygon outlines are found to fall approximately 
along the same lines and for the most part between A (64) 
and B (128). The “ peak,” or class value with the highest 
frequency, is known as the mode. 

The spreading of the lower values and the shortening of 
the higher values may be due to the method of sampling 
combined with the correlation and age variation noted 
above, but the frequencies at the ends arc so low that the 
divergence from the theoretical polygon might not be truly 
significant.^ 

479. Calculation of the ** Mean ” 

The average length of leaf in the sample can be obtained by 
adding together all the values in Table III and dividing by 100, 
the number of leaves. The arithmetical mean can be obtained 
by adding the extreme values and dividing by two : 84 + 150 — 2 
™ 117. The length of a cherry-laurel leaf, as sampled, is thus 
117 + 33 mm. Similarly from Table IV we get the arithmetical 
mean width 31 + 70 ~ 2 — 50-5, and the maximum width of 
a cherry-laurel leaf is 50*5 + 19-5 mm. Since the modes for 

^ The degree of significance can be estimated from the relation of 
the probability integral to the standard deviation, see Fisher, pp. 44-45, 
also pp. 52 sqq. 
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length and width occur around 130 and 57-5 there is clearly a 
need for a better method of calculating the variation around the 
mean. 

The variates have been grouped in “ classes,” and the usual 
way of calculating the mean is shown in Tables V and VI. Each 
class value V and each class frequency / is tabulated ; these 
are multiplied across to give a series of f,V data, giving importance 
to each V in the degree to which it is represented amongst the 
variates. The /.F data are added together and, using S as a sign 

S(fV) 

for summation, the mean M = where n is the total number 

n 

of variates, for length M = 125-1 mm. and for width M — 55 1 
mm. These values represent the average length and width 
respectively. 

480. Standard Deviation. Having determined the mean we are 
now in a position to calculate the average deviation from this 
mean,^ but the standard deviation gives a more accurate measure 
of the variation. The derivation of the formula will be found 
in standard works of statistics ; the general principle involves 
squaring the class deviations from the mean in order to give 
more importance to the extremes. The formula is for the 

standard deviation D = ; where d is the class deviation 

n 

from M the mean (see Tables V and VI). It should be noted that 
both for length and for width M comes between classes V and VI. 

Table V 


Lengths. 100 Cherry-laurel Leaves. 


Classes 

V inm. 

f 

f.V 

d 

d* 

f.d* 

I 

80 

1 

80 

— 451 

2034 

2034 

II 

90 

2 

180 

- 351 

1232 

2464 

III 

100 

5 

500 

— 251 

630 

3150 

IV 

110 

15 

1650 

- 151 

228 

3420 

V 

120 

20 

2400 

- 51 

26 

520 

VI 

130 

33 

4290 

-f 4-9 

24 

792 

VII 

140 

19 

2660 

-1- 14 9 

222 

4218 

VIII 

150 

5 

750 

4- 24*9 

620 

3100 

Totals 


100 

12510 



19698 


^ The average deviation 


S (f.d) 


n. 
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n - 100 S (f.V) - 12510 

M = ^ ^ - = 1251 Mean 

n 


D 




19698 


100 


F = 


Y^196-98 = 14 03^ Standard Deviation 
lOOD 1403 




M 1251 
± 0-6745D 


— 11-21 Fluctuation 




^ ± 0-95 


j: 0-6745D 
Iz 0 6745F 

-^/2rt 


- ± 0 07 
= ± 0-53 


Probable 

Errors 


Table VI 


Widths. 100 Cherry-daurel Leaves. 


Classes 

V mm. 

f 

f.V 

d 

d2 

f.d2 

I 

32-5 

i 2 

65 

- 22-6 

510-76 

1021-52 

II 

37-5 

2 

75 

- 17-6 

309-76 

619-52 

III 

42-5 

5 

212-5 

12 6 

1.58-76 

792-8 

IV 

47 5 

10 

475 

- 7-6 

57-76 

577-6 

V i 

52-5 

20 

1050 

- 2-6 

6-76 

135-2 

VI 

57-5 

37 

2127 5 

-1- 2-4 

5-76 

213-12 

VII 

62-5 

23 

1437-5 

+ 7-4 

54-76 

1259-48 

VIII 

67-5 

1 

67-5 

+ 12-4 

1.53-76 

153-76 

Totals 


100 

5510 



5773 


n - 100 S(f.V) = 5510 

M = = 55.1 Mean 

n 


= y 57-73 = 7-6 ^ Standard Deviation 

^ N.B. — These values for D show that the grouping used is rather 
rough since the range or “ ^roup interval ” should not exceed one 
quarter of the standard deviation, but with only 100 variates finer 
grouping is not available. 
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The standard deviation^ D, for length = 14 03 mm. for width ^7-6 
mm. These figures obviously do not represent the full deviation 
from the mean ; they may be regarded as average deviations 
determined rather more accurately than by the simpler method. 
Geometrically they eorrespond to the steepest parts of the 
variation polygons. They give a definite measure in milli- 
metres of the variability in length and maximum width within 
the selected sample of cherry-laurel leaves and would be found 
applicable to any other sample off the same plant. Other 
plants differing in variety or in habitat might show different 
values for D, which could be compared like other characters of 
the plants. 

481. Coefficient of Variability. Although we can compare the 
values of D for length in various plants of the same kind, we 
cannot compare the absolute values (in millimetres) of D for 
length and for width, even in the same plant, since the actual 
values of D are affected by the actual length and actual width 
which are in ratio of 2:1 approximately. A measure of the 
variability in relation to the value can be obtained by calculating 
what percentage D is of M. As this is a measure of the variability 
or fluctuation we may use F as a symbol, instead of the usual 
notation which does not have any special association-value for 

a beginner ; then the coefficient of variability F = - tor 

length F = 11*21 and for width F ~ 13*79. These values are 
now comparable and we might say that the length varies a 
little less than the maximum width in cherry-laurel leaves, but 
see below. Ex. 482. 

482. Probable Errors. The theory of error will be found in ' 
standard works on statistics ; the only points of general principle 
which we need to note here are, first, that the reliability of the 
results increases not directly as the number of individuals 
measured, but directly as the square root of that npmber. Thus 
if we desired to double the reliability of our present data which 
concern 100 variates, we would find it necessary to measure 
twice ten squared or 400 leaves. Measuring twice the number of 
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leaves would increase the reliability only by about 40 per cent., 
so that 100 is a practically convenient number. 

The formula for calculating probable errors of the mean 
£ 3 ^, the standard deviation Ejy and the coeflicient of varia- 
bility are given with the cherry-laurel values in Tables V and 
VI. The formula for Ep requires a correction when F is higher 
than 10 , but the simple formula is sufficiently accurate for present 
purposes. 

The probable errors in Table V and VI are all low compared 
with their corresponding constants, so that we can consider 
these more or less correct. 

The conclusion drawn at the end of Ex. 481 requires further 
examination in view of the fact that the actual difference of 2 58 
may not be significant. 

The Probable Errors of Differences. This is found by squaring 
the Ep values for length and for width, adding the results and 
taking the square root of the sum ; thus (0-53)2 _l_ ( 0 . 66)2 ^ 
0-7165 and the square root of 0*7165 = 0-85. This should be 
compared with 2*58 as the actual difference found, see also below. 
Probable Errors and Significance of Results 

Mathematically the chances of the result being correct are 
even when the result and the probable error have equal values. 
The chances of the result l)eing correct increase rapidly when the 
datum value rises to 2 E (4-6 to 1 ), 3E (21 to 1 ), 4E (142 to 1 ), 
5E (1,310 to 1 ), 6 E (19,2(K) to 1 ). Although an even chance 
(1 to 1 ) may be a sporting “ certainty ” on the totalisator, the 
statistician would regard the result, win or lose, as having no 
significance. Even when the chances rise to 3E or 21 to 1 , he is 
still doubtful. Datum values above 3E are generally regarded 
as significant, but the degree of significance varies with the datum 
considered. 

It is quite clear, therefore, that the present set of measurements 
giving a difference of 2-58 in the coefficients of variability for 
length and maximum width in cherry-laurel leaves, cannot be 
said to prove definitely that length is less variable than maximum 
width, since the probable error of the difference is 0*85. The 
application of such a check upon the significance of results is 
very useful in all biological investigations. The repetition of 
the same result for an experiment is clearly required up to three 
or four times before the result can be said to be significant ; 
even with more repetition it is still possible to draw wrong 
conclusions from the results. 

483. Correlation, This analysis of length and maximum 
width of cherry-laurel leaves has, so far, yielded results which 
may be regarded as characters of the sample or of the shrub, 
and these become interesting only when compared with 
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similar characters in other samples or shrubs. We have, 
however, two sets of data and although we have been unable 
to prove length more variable than width, we may proceed 
further and calculate the degree to which maximum width 
is correlated with length. 

It is obvious, of course, that the larger the leaf the greater 
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Fi(i. 35. — Correlation Dot Diagram and Table (see p. 208). 

its length and width, but it is comparatively easy to find 
leaves of equal width which differ in length or equal length 
which differ in width. 

A correlation dot diagram (see Fig. 85) is prepared by 
making vertical columns for one set of classes, e,g. lengths, 
and a crossing set of rows for the other set of “ classes,” 
widths. Then by reference to Tables I and II each leaf 
is tallied, by means of a dot, into its appropriate square. 
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The class values for length are 80, 90, etc., which means that 
a leaf with a length between 75 and 84*5 (in practice) is 
tallied in the first vertical column, while if the same leaf has 
a width between 30 and 34*5 (in practice) it is tallied in the 
first horizontal row ; and the dot is put in the left top corner. 
When all the hundred leaves have been tallied as dots, the 
latter can be counted and these numbers (frequencies) used 
for calculation. The dot diagram becomes a correlation 
table when numbers are used. The distribution of the dots 
mainly in left top and right bottom quadrants indicates at 
once a high degree of positive correlation. The frequencies 
are tabulated below for length and to the right for width. 
The calculated means are indicated by lines at right angles 
(see Fig. 35), Mj, and Mw* The deviations from the M j, 
and Mw of the class values V and Vw are similarly tabulated. 

A formula for the coefficient of correlation rLW is given in 
Fig. 35. In practice the summation of the (f.dn) (f.d/^) 
values is a little complicated, therefore it is given in detail 
below ^ ; 

Classes (d^) 

I - 22 fl[- 451 (- 351)] == + 1812-5 

II - 17 « f- 351 4- (- 50-2) i- (- 5-1)1 + 15UI-0 

III - 12-«[- 25 1 + ( - 45-3)] - 4 887 0 

IV - 7-6 f” 25-1 + (- 105-7) + (~ 6-1)1 - 4- 1032-8 

V - 2-6 [ -- 30-2 4- (- 35-7) 4- ( 4- 39 2) j ( 4- 59-6)] = - 85 5 

VI 4- 2-4 [- 15-1 4- (- 45-9) 4- (4- 83-3) 4- (4- 89-4) 4- (+ 49-8)1 - + 387-6 

Vll + 7-4 [- 25-1 +(- 15-1) 4- (- 15-3) + ( 1- 34-3) + ( + 1 49) + ( + 49 8)] - + 1314-2 

VIII 4- 12-41+24-9] - + 308-8 

S(f.d,y)(f.djr)= + 7248-4 

S (f.dx) (f.dir) is then divided by the product of the two 
standard deviations, i.e. by X Djf. The result in this 
case is 0-68, but before we can say whether this is significant 
or not, the probable error Er must be known. The formula 
is given in Fig. 35 and is : 

= 0.036. 

Vn 

When the value of a correlation coefficient is “ more than 
six times the size of the probable error the existence of 
correlation is a practical certainty. When Er is small, and 
r is less than 0-3, correlation is not marked ; when r is 
above 0-5 there is decided correlation.”^ 

^ The values for the total, the coefficient and the probable error 
given in Fig. 35 are all slightly wrong. 

* See King in “ Geneties in Relation to Agrieulture,” by Babcock 
and Clausen. McGraw-Hill Book Company. 
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In the present case rLW is 0*68 and Er i 0*036, so that 
on both counts there is decided evidence of correlation 
between length and maximum width in cherry-laurel leaves. 

The student will find that these exercises, 477 to 483, 
take less time to do than to explain. If he will only take the 
trouble to start an analysis of this kind on different material, 
he should find the exereises quite fascinating. Further, he 
will at the end be praetically acquainted with the rudiments 
of statistical analysis and able later on to appreeiate these 
tests of accuraey as applied by others in an increasing degree 
to the results of biological investigations. 

484. Mixed Populations and Mutations. When much larger 
numbers of variates arc considered, so that the variation polygon 
should approach the normal curve, and the normal grouping 
shows two modes, or peaks, of which one may be much smaller 
than the other, then a mixed population is indicated. The 
values of M, D and F for such a mixed sample would be liable to 
large errors and of little significance, but by careful selection the 
two groups might be separated and their statistical constants 
compared. 

(a) This might be done, for example, with a mixture of two 
strains of maize or broad bean, the lengths and/or weights being 
taken for the mixed population which could afterwards be 
separated by another character such as colour. 

(b) Mixed samples of caraway seeds, measured for length and 
maximum width by means of a pocket-lens scaleometer make very 
suitable material. 

Although quite beyond the practical scope of this book, it 
should be noted that by such studies applied to proved pure lines 
or uniform populations the first beginnings may be detected of 
changes which, within one or two seasons, may grow to be quite 
large differences, converting the pure line into a mixed population 
in a very short time and giving rise by mutation to new forms or 
varieties. 

The following arc useful books of reference 

“ Genetics in Relation to Agriculture,” especially Chapter III, 
by E. B. Babcock and R. E. Clausen. McGraw-Hill Book Co. 

Statistical Methods for Research Workers,” by R. A. Fisher. 
Oliver and Boyd. 

” An Introduction to the Study of Statistics,” by G. Udny 
Yule. Griffen. London. 



CHAPTER XXIX 


ECOLOGY 

Elementary practical exercises in ecology may be con- 
veniently divided into three sections — namely, ecological 
anatomy, laboratory examination of soils, and field work. 

ECOLOGICAL ANATOMY 

486. Sun and Shade Leaves. Collect two sets of leaves 
from the same tree, e.g, poplar, beech, etc., one set from the 
part most exposed to sunlight and the second set from the 
part in the deepest shade available. Examine representative 
leaves from each set and tabulate in two columns all the 
differences which you can detect between the two sets 
(a) without a microscope, and (b) in sections examined with 
the aid of a microscope. Make annotated drawings of 
characteristic anatomical features (see Figs. T 883-884). 

XEROMORPHIC CHARACTERS 

Since critical investigations do not always confirm the 
apparent efficiency of characters which appear to be xero- 
phytic, it is advisable to consider the anatomy of apparently 
xerophytic plants under the above heading. 

486. Marram Grass, (a) Examine a leaf of Ammophila 
arenaria ; note the ridges on the upper (adaxial) surface ; 
examine a cross-cut surface under a pocket-lens and note 
the stiff hairs upon the ridges which are white internally, 
with^arlT green arcs in the furrows between the ridges. 

(b) Examine a thin section of the above leaf; make a 
line drawing to show the distribution of abundan^der.-. 
enchyma, slightly developed chlorenchyma, hairs ancTmotor 
cells, together with the vascular bundles (see Fig. 'TSSSyT 
Draw two ridges and one furrow under the high power of 
the microscope. See also Ex. 492. 

487. Examine, recording your observations in the same 
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way as above (see Ex. 486), one or more of the following 
examples of dry xeromorphy — ^stem of broom, gorse (“ P.-l. 
P. L,,” 177-178) ; stem and phylloclade of Ruscus ; leaf 
of rosemary, oleander, pine, Hakea, Calluna, Erica, Empetrum, 
Nardus stricta, Festuca rubra (see Figs. T 892, 890, 889, 891 
and “ P.-l. P. L.,” No. 85, 86, 158). 

488. Succulent Xerophytes. Examine macroscopically, 
and with the aid firstly of a poeket-lens and secondly of a 
microscope used on appropriate sections, one or more of the 
following examples of succulent xerophytes — leaf of Crithmum 
maritimum, Aloe (Fig. T 1334), Puya, Bryoj)hyllum, Semper- 
vivuniy Crassula, Echeveria, Mesembryanthemum, Ilaworthia ; 
shoot of Phyllocactus, Cereus, Mammillaria, and other cacti, 
also Kleinia articulata, Stapelia, Note the presence or 
absence of reduction in leaf surface, the sunk stomata, the 
water-storage tissue and any other characteristic features ; 
record your observations by means of line diagrams and 
drawings under H.P. of the smaller details. 

OTHER TYPES 

489. Halophytes. Since these are plants which occur in 
physiologically dry habitats, they show many of the xero- 
morphic characters studied in the above exercises. Examine 
and make annotated drawings of the characteristic xero- 
morphic features of the leaf of Armeria maritima, A triplex 
portulacoides (dry) ; the shoot of fresh Salicornia europira, 
the leaf of Salsola, SuaAa, Plantago maritimay Triglochin 
maritimum, Cochlearia officinalis (succulent). The mor- 
phology and structure of Salicornia is rather special ; briefly, 
the rather thin woody stem is completely covered by succulent 
leaf-bases which pass mainly downwards from the nodes ; 
for details see E. de Fraine in Jour. Linn. Soc., 41, 317, 1913. 

490. Hydrophytes. The soft tissues of many of these plants 
make it rather diflicult to prepare satisfactory permanent 
preparations. The glycerine jelly method meets most of the 
difliculties. A very sharp razor is used and reasonably thin 
sections are taken ; the best section is chosen and floated 
out in abundant water on a slide. If necessary a brush 
may be used to arrange the section in the middle of the slide, 
then the excess water is carefully removed. Two drops of 
melted glycerine jelly, made up with eosin or methylene blue 
so that it contains about 0*1 per cent, of either dye, is 
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dropped on the section and a cover-slip is added before the 
staining jelly-mountant cools. The preparation is then set 
aside for two or three weeks, at the end of which the section 
will be found to have taken up the dye from the mountant 
jelly, then the tissues can be distinguished clearly. If 
differential staining is desired, aqueous methylene blue can 
be used on the section before it is mounted in eosin jelly. 
Using the above method, prepare transverse sections of the 
stems of representative hydrophytes. Make line diagrams 
of these sections and H.P. drawings of characteristic details. 
Suitable plants are Potamogeton, Nymphcca, Hippuris (sec 
Figs. 895-896). Note particularly the large development of 
aerenchyma, also the slight development of conducting 
tissues and lignification. 

Comparisons 

491. Write a comparative account, on the basis of your 
own observations, of a typical dry xerophyte, a typical 
succulent xerophyte, a halophyte and a hydrophyte. 

492. Extend Ex. 486 to include an investigation of the 
rhizome and the subterranean parts of the leaves of marram 
grass. Note the aerenchyma of tlie leaf-shcath and compare 
the subterranean parts of the plant with the xeromorpliic 
upper parts. 

493. Cut and mount in glycerine jelly a vertical section of a 
floating leaf of water-lily. Compare carefully the xero- 
morphic upper zone with the hydrophytic lower zone of the 
section. Make an annotated line diagram of the char- 
acteristic features and write an account of this type of leaf 
in relation to its two distinct habitats. 

494. Aerenchyma. The development of an efficient 
aerating system is characteristic of plants which grow under 
water (hydrophytes), also of many marsh plants and hygro- 
phytes. The lower and upper parts of such plants may be 
rather different. Investigate the anatomy of the lower and 
upper parts of one or more of the following ; Ulmaria 
palustris, Campanula rotundifolia, J uncus communis, Caltha 
palustris, Phragmites, 

495. Hydathodes. Examine with a pocket-lens, and also 
by means of sections under the microscope, the hydathodes 
or water-secreting glands in one or more of the following : 
old and very young leaves of Saxifraga umbrosa, or other 
species of saxifrage, Alchemilla vulgaris, Aconitum napellus, 
Potentilla, Geum, Delphinium, Tropceolum majus, Helleborus 
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niger, Ulmus carnpestris, Vida sepium, Primula, Papaver, 
Geranium, Fuchsia, These are to be found mainly at 
marginal vein-ends, but Phaseolus vulgaris. Piper nigrum, 
ete., have triehome-hydathodes seattered on the leaf surface. 
Stomatal hydathodes may be found on the leaves of Aconitum, 
Tropteolum,, Hippuris, Callitriche, Empetrum nigrum, Papaver 
and Colocasia. Apieal hydathodes occur at the tips of many 
young grass leaves, e,g. wheat, rye, maize. See also Ex, 78. 

SOILS 

496. Make a comparative examination under the micro- 
scope of the following types of soils, mounted in water, 
noting the main charaeteristies and measuring the size of 
the large particles in the siliceous types : — 

Coarse sand — 1*0 to 0*2 mm. diameter ; translucent or 
opaque, mainly sharply angular fragments when water 
borne ; with rounded corners when wind borne. 

Fine sand — 0*2 to 0*04 mm. diameter ; as above with no 
rounded corners. 

Silt — 0*04 to 0*01 mm. diameter ; as above with flat 
particles. 

Fine silt — 0*01 to 0*005 mm. diameter ; as above with 
more numerous minute flakes. 

Clay — less than 0*005 mm. diameter ; in flat particles or 
flakes, and granules ; shows Brownian movement. 

Chalk — amorphous or showing shell fragments, opaque 
white or variously coloured. 

Loam — a mixture of the above types, with humus. 

Peat — black or brown fragments of plants, sometimes 
with recognisable pieces of Sphagnum leaves, and often 
with recognisable pollen grains (see Fig. 25). 

497. Sedimentation. Prepare three separate samples of 
different soils, e,g, sand, clay and garden loam, and three 
corked test-tubes at least 15 cm. long. Place equal quantities 
(about 2 grammes) of soil in the three tubes ; add distilled 
water ; cork and shake thoroughly. Set the three pre- 
parations aside in a quiet place and note the rate at which 
sedimentation takes place. Mark a point on each tube 2 cm. 
from the water surface and record the time in which the 
water becomes clear down to the mark. 

498. Flocculation. Rub up 4 grammes of clay with 
10 c.c. distilled water ; transfer the suspension in equal 
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parts to two long test-tubes ; fill up one tube with distilled 
water and the other tube with lime water ; cork ; set aside ; 
and note the rate of sedimentation as before. The lime 
water “ flocculates ” the clay ; compare this action with 
that of salts on ferric hydroxide sol, Ex. 384. In both 
cases a surface electric charge is neutralised, leading to 
aggregation of the colloidal particles, but the actual 
mechanism of neutralisation appears to be different ; clay 
acts as a weak acid ; the particles arc negatively charged 
and are “ neutralised ” by a base such as calcium hydroxide. 

499. Capillarity. Prepare four glass tubes of at least 
2 cm. bore and 60 cm. length. Tie muslin round one end of 
each tube ; pack carefully and uniformly into the four 
tubes dry powdered samples of sand, clay, loam and }5eat. 
Fix all four tubes vertically with the muslin ends under 2 (;m. 
water. Note and compare (a) the rates at which the various 
soils become wet, and (b) the heights of the wet parts of the 
columns when equilibrium is attained. Both the rate and 
the limit of capillary flow are important in natural soils, 
where the conditions are, of course, seldom or never the same 
as in the above experimental arrangement, which is purely 
comparative and artificial. 

500. Percolation. The draining power of soils depends 
upon their permeability or the rate at which water cjin 
percolate through the medium. Using four tubes, as in 
Ex. 499, but carefully packed with water-saturated samples of 
the four types of soil, determine the time taken in each ease 
for the downward passage of 100 c.c. water, which should 
be poured into a clear upper 5 cm. zone of the tube gradually, 
in such a way that there is free water above the soil until all 
the 100 c.c. (quantity has been used. The success of this 
comparison depends very largely on the care taken in pack- 
ing the tubes uniformly, but this process and the necessary 
precautions will be familiar to all pharmaceutical students. 
The soil samples should be added gradually and tamped 
down carefully after each small addition. 

501. Evaporation. Using the same four types of soil, 
again in the saturated condition, pack four similar Petri 
half-capsules at least 2 cm. deep and about 10 cm. wide 
with soil so that a flat surface as smooth as possible is 
exposed at the top. Weigh the various preparations ; 
set them aside, all under the same conditions of temperature, 
relative humidity and air movement. Without disturbing 
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the surfaces in any way, weigh the preparation again after 
four hours, after eight hours, and at daily intervals for a 
week. Compare the four samples as regards (a) the rate 
of evaporation, and (b) the total evaporation in a week. 
Compare and record the condition of the dried surfaces. 

For further exercises on soils see “ Practical Plant 
Ecology,” by Professor A. G. Tansley. 

FIELD WORK 

502. Sketch a characteristic wind-form of hawthorn, sea 
buckthorn or other large shrub or tree. Examine the 
specimen carefully and note the effects of wind action on the 
windward buds as compared with the leeward branches. 

503. Examine and sketch wind-forms of other plants, 
such as wind-cut heather, heath and juniper. 

504. Note and compare the occurrence of trees along the 
banks of streams in moorland or grassland and the occurrence 
of normal mesophytes about fresh-water streams passing 
through a pebble beach. Both are examples of a “ higher ” 
association within a “ lower ” association, both produced 
as the effect of additional water supply. 

SURVEY 

For those who wish to enjoy detailed ecological field work 
there is no better guide than ‘‘ Practical Plant Ecology,” 
by Professor A. G. Tansley ; there the student will find all 
the necessary directions for making preliminary surveys, 
garden and field quadrats, line and belt transects, profile 
and bisect charts, etc. “ Types of British Vegetation,” by 
the same author, is the standard book on British Formations. 

Those who desire only to recognise in th^ field the general 
groups of plants or kinds of vegetation in these islands may 
find the following incomplete floristic lists useful. These 
lists are arranged in scries of progressive associations, e.g. 
hydtoseres ^ from aquatic to fen and lowland moor formations, 
and from salt water through brackish water to mud-flat and 

^ A hydrosere is a progressive series of associations where the edaphic 
wetness is gradually reduced by the continued action of the vegetation, 
e.g. by raising the level of the soil. Similarly a xerosere is a progressive 
series of associations where the cdaphic dryness is gradually reduced 
by the action of the vegetation j e.g. by binding loose sand or forming 
soils over bare rock suifaces. 
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salt-marsh ; xeroseres ^ from the dry halophytic foreshore 
to sand-dune backs, and from lichens on rocks to sub-alpine 
grasslands. The main elements of siliceous and calcareous 
associations are also noted. 

Inland Hydrosere 


AQUATIC FORMATION 

I. Submerged Leaf Association. Elodea canadensis, 

Potamogeton spp., Utricularia spp., Myrioj)hyllum 
spicatum, Ceratophyllum, Hippuris, Stratiotes, Apium 
spp., (Enanthe fistulosa, Zannichellia, Hottonia, Elatine 
spp. 

II. Free Floating Leaf Association. Lemna spp., Hydro- 
charis morsus ranee, 

III. Rooted Floating Leaf and Open Reed Swamp Association. 

Typha, Phragmites, Scirpus, Nyniphwa, Castalia, Pota^ 
mogeton, Ranunculus spp., Sagitiaria, Glycerin Jluitans, 
also Carex spp. 

IV. Closed Reed Swamp Association. Typha, Phragmites, 
Phalaris, Glycerin aquatica, or Scirpus lacustris as 
dominants, with Utricularia, Myriophyllum, Ranunculus 
lingua, Radicula amphibia, Epilohium hirsutum, Cicuta 
virosa, Apium inundatum, Sium latifolium, (Enanthe 
spp., Lysimachia vulgaris, Myosotis palustris, Menyanthes, 
Stachys palustris, Me^itha spp., Rumex hydrolapathum. 
Polygonum amphihium. Iris pseudacorus, Sparganium 
spp., yicorus, Alisma plantago, Butomus, Carex riparia, 
C, stricta, Equisetum limosum. 


FEN FORMATION 

I. Fen Association. Dominants : Phragmites, Cladiurn, 
Calamagrostis cmiescens, J uncus ohtusijlorus ; forming 
societies: Phalaris, Glycerin aquatica, Carex spp., 
Eriophorum angustifolium, Poa trivialis. Iris pseudacorus ; 
some other plants : Anagallis tenella, Drosera intermedia, 
Galium palustre, Hydrocotyle, Lathyrus palustris, Myrica 
gale, (Enanthe fistulosa, Ophioglossum, Potentilla palustris, 
Rhamnusfrangula, Thalictrum fiavum, Ulmaria palustris, 
Valeriana ojficinalis. 


^ See footnote on previous page. 
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Intermediate to Moor. Molinia ccerulea, 

II. Swamp Carr Associations. Alnus, Salix cinerea. 

III. Fen Carr Association. Alnus, Salix cinerea, Rhamnus 
catharticus, R, frangula, Viburnum opulus, with Myrica, 
Salix repens, Ligustrum, Ribes spp., Fraxinus, Betula 
tomentosa or B, pubescens, Querus robur and herbs of 
the fen association. 

IV. Ultimate Carr Associations from II. or III. : as for Fen 

Carr with Alnus dominant, also Urtica dioica, Iris, 
Carex spp., Lastrwa thelypteris, Osmunda regalis. 


LOWLAND MOOR FORMATION 

This develops through the Molinia stage to Sphagnum, 
Kriophorum, Callumi, etc. ; the stages and lloristic com- 
position being similar to those in the Upland Moor Formation, 
which see. 

I. Molinietum. Molinia ca^rulea dominant, with Erio- 

phorum angustifolium. Erica tetralix, Carex injlata, 
C. flava, C. panicea, C. goodenowii, Potentilla tormentilla, 
F. palustris, Viola palustris and occasionally with 
Sphagnum spp. and Drosera rotundifolia, also Triodia 
decumbens, Lycopus, Scutellaria and other herbs of the 
fen. 

II. (a) Mixed Carex with Calluna. 

CalltfneSm*”! see Upland Moor Associations. 

Estuarine Ilydrosere 

SALT-MARSH FORMATION 

I. Grass-wrack Association. Zostera open ; pure or with 

occasional Salicomia, 

II. Glasswort Association. Salicomia europcea open ;• pure 
or with some Zostera, With mud the first associates 
are Glyceria and Triglochin or Aster ; with sand Sali- 
cornia radicans, Atriplex portulacoides with Glyceria 
and others.^ 

III. Glycerietum maritimae. Glyceria maritima^ at first in 

^ Spartina spp. replace glasswort at various places as mud colonisers, 
notably between Southampton and Studland. 
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patches, then as a closed turf ; pure or with glasswort, 
sea lavender, sea pink, sea blite, or scurvy grass. 

IV. General Salt-marsh Association includes Armeria 
maritima, Aster tripoliuniy Plantago maritima, Triglochin 
maritimum, Glyceria maritima, Spergularia salina, S. 
marginata, Atriplex portulacoides, Limonium vulgare, 
Cochlearia officinalis, with sometimes Artemisia mari- 
tima, Salicornia radicans, S, europcea, Suceda maritima, 
J uncus gerardi. 

(a) Armerietum with Glyceria, lower ; 

(b) Armerietum with Festuca, higher ; this passes to 
ordinary pasture above. 

V. Sea-rush Association. Juncus maritimus with Festuca 

rubra var. arenaria, Agrostis jmlustris and other grasses, 
also Glaux maritima, Plantago coronopus, P. maritima, 
CEnanthe lachenalii, Agropyron pungens. 


Maritime Xerosere 

SAND-DUNE FORMATION 

I. Strand Associations, (a) Arenaria peploides, Salsola kali. 

Polygonum raii, Atriplex patula. A, hastata, A. 
babingtonia, Crarnbe maritima, Cakile maritima, 

(b) Agropyron junceum, pure, open. 

(c) Incipient dunes — with dune builders as below. 

II. Dune-building Associations 

(a) Ammophiletum. Ammopkila (Psamma) arenaria, pure 
on the seaward side or with Pteris aquilina, Ononis 
repens, etc. 

(b) Dunes. Ammophila dominant ; on the top and land- 
ward faces including Phleum arenaria, Aira prcecox, 
A. caryophyllea, Festuca rubra var. arenaria, Galium 
verum, Leontodon nudicaule, L, autumnale, Hypochceris 
glabra, Hieracium umbellatum, //. pilosella. Taraxacum 
erythrospermum, with sometimes Eryngium maritimum, 
Carlina vulgaris, also Hippopha^ rhamnoides, Euphorbia 
paralias, Peltigera canina, Erophila verna, Cerastium 
semidecandrum, Erodium cicutarium, Viola tricolor, 
Lotus corniculatus, Trijolium spp., Centaurium vulgare. 
Thymus serpyllum, Alchemilia arvensis, Thalictrum 
minus, Carex arenaria, Sedum acre, Calyategia soU 
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danella, Jasione montana, Geranium molle, Linum calh - 
articum, 

(c) Lyme-grass Association. Elymus arenarius dominant. 

(d) Sand-sedge Association similar to above, may initiate 
(a) or (b) on the seaward side. 

III. Dune-back Associations 

(a) Creeping Willow Associations ; dry or wet : Salix 
repens dominant ; with many mosses : Carex spp., 
Blackstonia {Chlora) perfoliata, Lotus corniculatus, Pyrola 
rotundifolia in dry places ; and Parnassia palustris in 
wet places. 

(b) Dune Marsh Associations. Carex spp., Ilypnum spp., 
J uncus 7nariti7nus, Parnassia, Anagallis te7iella, Hydro- 
cotyle, 

(e) Dune Heath Associations. Calluna vulgaris abundant ; 
with Erica cinerea, Rosa spinosissima, R. egla?iteria, 
Rubus discolor (agg.), Viola tricolor, V, ericctorum, 
Teucrium scorodonia. Polygala vulgaris (agg.), Potentilla 
reptans, P, anserina, Samhuxus nigra, Crepis virens, 
Cnicus anxnsis, Myosotis collma, Veronica chamcedrys, 
Plantago lanceolata, P, coronopus, Achillea 7nillefolium, 
Anagallis anensis, Sonchus arvensis, Spergularia rubra, 
Lithospermum officinale, Lycopsis arvensis, Valerianella 
olitoria, Hypericum perforatum, Poa spp. ; other wood- 
land plants may occur such as hogweed, bluebell, wood 
avens, wild strawberry, wood sorrel, anemone. 

UPLAND MOOR FORMATION 

The same species in various degrees of frequency or 
abundance recur, and contractions are used below. In 
order of decreasing water-content there are : — 

I. Bog-moss Association. Sphagnu7n recurvum and other 

species dominant ; with Erica tetralix, Oxycoccus 
quadripetala, Eriophorum angustifolium, Empetrum 
nigrum, Callunct vulgaris and Rubus charnarrnorus. 

II. Cotton-grass Associations. Eriophoretum vaginati and 
Eriophoretum angustifolii : E. vag, or E, ang, separately 
dominant or co-dominant ; with Calluna, Empetrum, 
Erica L, and Vacemium 7nyrtiUus locally abundant ; 
also Rubus chamcemorus, Molinia ccerulea, Scirpus, Carex 
curia, Narthecium ossifragum, Oxycoccus, PinguiciUa 
vulgaris, Andromeda polifolia. 
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III. Grass-moor Associations. (a) Molinietum caeruleae 
with Parnassia and other hygrophytes. 

(b) Nardetum strietfe with Agrostis tenuis and J uncus 
sqiuirrosus co-dominant ; also Scahiosa succisa, Anten- 
naria dioica, Euphrasia, Prunella, Anthoxanihum, 
Agrostis canina, Deschampsia Jlexuosa, Holcus lanatus, 
Sieglingia, Briza media, etc. 

IV. Deer-grass Association. Scirpus ccespitosus dominant ; 
with frequent E. ang,, Calluna, Erica t., Narthecium, 
Sphagnum, Drosera rotundifolia, Andromeda, Rhaco^ 
mitrium lanuginosum, Cladonia rangiferina, 

V. Heather Moor Association 

Calluna vulgaris dominant ; with frequent V, 7nyrtillus, 
V, vitis-idwa, Empetrum, Erica cinerea, also Jxincus 
squarrosus, Deschampsia Jlexuosa, Galium saxatile, 
IJlexgallii, Agrostis spp., and Pteris aquilina ; occasional 
are Poly gala serjyyllacea, Lathyrus montanus, Potentilla 
sylvestris, P. tormentilla, Hieracium pilosella, Campnmila 
rotundifolia, Linum catharticum, Rumex acetosella, Luzula 
erecta, Scirpus, Carex glauca, Molinia, Festuca ovina, 
Nardus stricta, Blechnum spicant ; bryophytes and 
lichens include Dicranum scoparium, D, majus, 
Campylopus jlexuosus, Hypnum purum, IL cupressi forme, 
Hylocomium squarrosum, Grimmia apocarpa. Polytrichum 
spp., Ptychoxnitrium polyphyllum, Rhacomitrium spp., 
Sphagnum spp., Thuidium tamariscinum ; Cladonia 
spp., Lecanora spp., Peltigera canina. 

Societies of Stagnant Hollows inelude in addition to some 
of the above : 

Oxycoccus, Narthecium ; J uncus species acutijlorus, 
lamprocarpus, supinus, articulatus, Carex species curia, 
Jlava, panicea, stellulata, goodenowii ; Ranunculus Jlam- 
rnula, Viola palustris, Cnicus palustris. Taraxacum 
paludosum, Pedicularis sylvatica, Eriophorum vag., 
Pinguicula vulgaris, Drosera r.. Orchis ericetorum, 
Andromeda ; Montia fontana occurs with running water. 

VI. Bilberry Moor Association. Vaccinium myrtillus 
dominant ; Empetrum and Calluna abundant ; occasional 
are Nardus, Deschampsia Jlexuosa, Festuca ovina, E. 
ang., J uncus squarrosus, Rumex acetosella ; with rarer 
E. vag.. Lycopodium spp., Rubus chamcemorus. 

This occurs on ridges and other well-drained slopes or 
summits. 
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Summit Associations. Tracing the xerosere from the 
rocky mountain top we have the following : — 

MOUNTAIN TOP DETRITUS FORMATION 

I. Lichen Association. Lecanora spp., Lecidea spp. on 
rocks followed by Andreeva spp., Grimmia spp., etc. 

II. Moss-lichen Association. Rhacomitrium lanuginosum 
dominant ; with Cladonia spp., Deschampsia, Festuca 
ovina, Nardus stricta. Lycopodium selago and occasional 
Empetrum, 

Many other species occur locally. 

III. Sub-alpine Associations. (a) Rhacomitrium Heath : 
in wetter places, II. develops towards Calluneturn ^ 
lloristieally, with additional aretic or sub-arctic, such as 
.irciostaphyJos uva-ursi, A, alpina, Cerasiium arcticum, 
etc. 

(b) Rhacomitrium Moor : in better-drained places, II. 
develops towards Vaecinietum lloristieally. with V, 
vitis-idam, E. vng., Scirpus c., Calluna, Empetrum, etc., 
with Trientalis eurojywa as a northern species. 

CHOMOPHYTE FORMATION 

I. and II. above may pass into the associations of ledges 
and corries ; these rather local communities are described 
in Tansley’s “ Types of British Vegetation.” The various 
exposed, shaded, hydrophilous, and sheltered stages pass at 
lower altitudes into the : — 

IV. Arctic-alpine Grassland Association : with Festuca ovina. 
f. vivipara dominant ; also Alchejnilla alpina, LuzuJa 
spicaUi, Poa alpina, Phleum alpinurn. Lycopodium 
alpiuum, L. selago, Seloginella selaginoides, etc. 

V. Sub-alpine Grasslands. These occur below IV. and 

approach lloristieally the summit heaths of lower 
mountains with co-dominants Festuca ovina, Agrostis 
teyiuis, Deschampsia flexuosa, Anthoxanthum odoratum ; 
also Nardus stricta, Molinia cevrulea, Carex goodenowii ; 
many of the species given under Callunetum and Dune- 
back Heath ; with Hypericum pulchrum, Potentilla 
erecta, Veronica, serpyllifolia. Orchis maculaUi, Aim 
cevspitosa, and Botrychium lunaria as other elements. 

^ For Callunetum sub-associations, see Proc. liJ.A,, 39, pp. 441-442, 

1080. 
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IV. and V. pass into upland moors at lower altitudes. 
Other formations are given very briefly because they are 
well known, but often less easily accessible than the open 
coast or mountain regions. 

FORMATION OF CLAYS AND LOAMS 

I. Quercetum roburis. Oak wood association with QtLcrcus 

rohur dominant ; other trees — hazel, hawthorn, black- 
thorn, dogwood, and guelder rose ; Rubus spp., anemone, 
buttercups, bluebell, wood-sorrel, avens, wild straw- 
berry, wood sanicle, and many other characteristic 
plants. 

II. Neutral Grassland Association: with dominant grasses 

Lolium perenne, Cynosurus cristatus, Anthoxanthum 
odoraiurn^ Dactylis glomerata, IIolcus lanatus, Alopecurus 
pratensisy Broinm mollis, Fesiuca duriuscula ; other 
grasses — Agrostis tenuis. A, alba, Poa pratensis, P, 
trivialis, Pkleum pratense, Arrhenatherum elatius ; and 
many herbs. 

III. Juncetum communis. This association of marshy 
meadows includes J uncus conglomeratus with J, effusus, 
J, articulatus, J. glaucus, J. bufonius and many marsh 
herbs. 


FORMATION OF SANDY SOIL 

I. Quercetum arenosum. Dry oakwood association with 

Q. robur and Q. sessilijlora separately dominant or 
co-dominant ; with llokus mollis, bluebell, anemone, 
wood-sorrel, etc. 

II. Grass-heath Association with Anthoxanthum, Agrostis 
canina, A. setacea. A, tenuis, Airaprwcox, A, caryophyllea, 
Deschampsia Jlexuosa, Sieglingia decumbens, Festuca 
ovina. 


HEATH FORMATION 

I. Quercetum ericetosum. Oak-birch association with 

Q. robur, Q. sessilijlora, Betula alba, B, tomentosa, Fagus 
sylvatica co-dominant, and Pinus sylvestris invading ; 
also Calluna, Vaccinium myrtillus, and Erica cinerea 
amongst the oakwood ground flora. 

II. Callunetum arenosum, as for Upland Moor and Summit 
Heath, with Ulex europasus^ U. minor, U. gallii, Serratula 
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tinctoriay Veronica officinalis, Salix aurita, Schoenus 
nigricans and Lycopodium clavatum as other species. 
In wet places Myrica gale, Malaxis paludosa, Eleocharis 
multicaulis and Lycopodium inundaium may occur with 
plants of the wetter upland moor associations. 

III. Pinetum sylvestris. Pinewood association, original or 
from I. by successful invasion, with Pinus sylvestris 
and Calluna dominant ; Trientalis europcea, Pyrola 
spp., Melampyrum pratense, Juniperus communis, 
Potentilla erecta, Oxalis, Hypericum pulchrum, and 
plants of the upland moor. Deschampsia, V. myrtillus, 
and occasional mosses are the chief plants when the 
wood is dense. 

FORMATION OF OLDER SILICEOUS SOILS 

I. Quercetum sessiliflorae. Q. sessiliflora with Betula 

iomentosa, also ash, alder, rowan, and elm ; also many 
shrubs and herbs. 

II. Siliceous Grassland Association 

(a) Nardetum strictae — with Deschampsia flexuosa or 
Agrostis tenuis associated ; also Ulex gallii, Pteris 
aquilina, J uncus spp., and many other herbs. 

(b) Molinietum caeruleae. Molinia ccerulea with many 
plants of the wetter upland moors. 

III. Betuletum tomentosae. Birchwood association with 
Myrica gale and plants of the oak wood and upland 
moor. 


FORMATION OF CALCAREOUS SOILS 
SUB-FORMATION OF OLDER LIMESTONES 

I. Fraxinetum excelsioris. Ashwood association, Fraxinus 

excelsior dominant ; with wych elm, hawthorn, hazel, 
yew and juniper associated ; sometimes also birch, 
rarely alder. Allium ursinum, Asperula odorata, Hor- 
deum sylvaticum, Nepeta hederacea, Lamium galeobdolon, 
Hahenaria virescens, and other herbs occur. 

II. Limestone Scrub Association includes blackthorn, 
Euonymus europcms, Rhamnus cathariicus, Cornus 
sanguinea, Helianthemum chamcecisttis. Geranium san- 
guineum, Poterium sanguisorba, Sax^ifraga hypnoides. 
Inula squarrosa. Origanum vulgare, Listera ovata. 
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Brachypodium gracile, Kceleria graciliSy and Luzula 
pilosa, 

III. Festucetum ovinae. Limestone grassland association, 
with Fesiuca ovina dominant, includes Anthoxanthuiriy 
Trisetum flavescens, Avena prateyisisy A. puhescenSy 
Arrhenath^umy Koeleria graciliSy Briza meduiy Bromus 
erectuSy Brachypodium graciley and also herbs of the 
above scrub, together with Anthyllis vulnerarWy Hippo- 
crepis comosUy Conopodium majuSy Carlina vulgaris^ 
Cniens eriophoruSy Geniiana amarella and many orchids. 

SUB-FORMATION OF THE CHALK 

IV. Fagetum sylvaticae calcareum. Bcechwood association 
of the chalk, with beech dominant, pure or wdth bird- 
cherry or yew^ ; has a limited ground (lora, including 
Viola hirtOy F. rivinianuy Cirewa lutetianay also dog’s 
mercury, wood sanicle, wild strawberry and several 
orchids. 

V. Fraxinetum. Ashwood association similar to I. 

VI. Festucetum ovinae. Chalk pasture similar to III., but 
with Cynosurus cristatus, Daciylis glomeraUiy Bromus 
mollis as additional grasses, and many other herbs. 

SUB-FORMATION OF MARLS AND CALCAREOUS 
SANDSTONES 

The associations here include mixtures from the “ siliceous ” 
and “ calcareous ” lists, e,g. for trees Ash and Oak to give an 
Ash-Oakwood Association with “ damp oakwood ” herbs 
and a few calcicoles, such as Euonymus and Viburnum 
lantana. 
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ENZYMES 

505. Diastase, (a) Prepare a specimen of diastase (see 
p. 230). 

(b) Prepare a solution of diastase ; for methods see p. 230. 

(c) Make a starch “ solution ” by shaking 0*1 gramme of 
starch with 10 c.c. water and pouring the mixture into 
about 100 c.c. of boiling water ; cool. Mix in a test-tube 
5 c.c. of the starch “ solution ” with 5 c.c. of diastase solution. 
Prepare eight similar tubes ; boil one lot and test one of the 
others every fifteen minutes for starch by adding iodine 
solution to a 1 c.c, portion ; also for sugar by adding a 1 c.c. 
portion to 1 c.c. of previously prepared Fehling’s solution 
and boiling. Test, at the end, the contents of the boiled 
lot. Record your results systematically.^ 

(d) Prepare an aqueous extract of malt and another of 
ungerminated barley (see, p. 230). Compare the diastatic 
powers of the two extracts by a series of tests as in (c) above, 
noting the relative times for complete conversion of the 
starch into sugar as indicated by the iodine test. 

(e) Examine microscopically the starch grains of malt and 
of ungerminated barley. Correlate the evidence so obtained 
with the results given in (d) above. 

506. Ptyalin. Compare the action of ptyalin on starch 
with the results of Ex. 505 (d). 

507. Cytase. Examine microscopically thin sections from 
the middle parts of the germinating date-seeds supplied 
(see p. 230). Note the disintegration of the hemi-cellulose 
walls. 

508. Invertase. (a) Shake about 1 gramme of yeast 
with 10 c.c. water. Set aside the mixture overnight in a 
warm place. Centrifuge repeatedly or filter through 

^ Purplish and red colours with iodine indicate the formation of 
intermediate products such as dextrins. 
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asbestos ; add 1 c.c. of the clear fluid to 1 c.c. of 5 per cent, 
solution of cane sugar. Set aside for two hours and test for 
reducing sugar. A negative result indicates that invertase 
is not an extracellular enzyme of yeast. 

(b) Put 1 gramme of yeast in a mortar with 1 gramme of 
clean sand ; grind the mixture with a little water ; add ten 
drops of ether and continue grinding for ten minutes. Add 
10 c.c. water ; mix well and obtain a clear fluid by filtration 
as before ; add 1 c.c. of the clear fluid to 1 c.c. of 5 per cent, 
cane sugar solution. Set aside for two hours, and test for 
reducing sugars. A positive result 7iow indicates (1) that 
invertase is an intracellular enzyme of yeast, and (2) that 
invertase hydrolyses sucrose in vitro. For maltasc see 
Ex. 515. 

509. Inulase. Prepare an aqueous extract containing 
inulase (p. 230). Dissolve about 0*5 gramme of jmre inulin 
in 50 c.c. hot water. 

(a) Using 5 c.c. portions of the inulin solution make the 
following tests : — 

(i.) Add 1 c.c. inulase solution and five drops iodine 
solution — note absence of starch. 

(ii.) Add 1 c.c. previously boiled Fehling’s solution and 
boil — note absence of reducing sugars. 

(iii.) Add 1 c.c. inulase solution and set aside for two 
hours in a warm place, see (b). 

(iv.) Boil 1 c.c. inulase solution for five minutes, then 
add this and set aside for two hours as above. 

(b) Add 1 c.c. inulase solution to 5 c.c. water. Then 
prepare three tubes, A, B, C, each with 1 c.c. previously 
boiled Fehling’s solution. Add to A 1 c.c. of diluted inulase 
solution ; to B 1 c.c. of the fluid from (iii.) ; to C 1 c.c. of the 
fluid from (iv.). Boil the three equally and compare by 
inspection the relative amounts of reduction. Record your 
results with an explanation of any differences noted. 

510. Emulsin. Using 5 c.c. portions of a solution con- 
taining emulsin make the following tests : — 

(a) Add 0*1 gramme of amygdalin ^ ; shake well ; and 
set aside for one hour in a quiet place. Note the odour of 
benzaldehyde. 

(b) Boil well ; add 0*1 gramme of amygdalin and boil 

^ Amygdalin or amygdaloside can be obtained commercially, 
together with other such materials, from the British Drug Houses 
and other firms. 
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again ; fix picrate paper with a cork at the top of the tube, 
and set aside. Absence of reddening indicates destruction 
of the enzyme by boiling. 

(c) Add 0*1 gramme of amygdalin and fix picrate paper 
with a cork as before. Rapid reddening indicates production 
of hydrocyanic acid ; benzaldehyde is detected above (a) ; 
see Textbook, p. 413, also Ex. 330. 

(d) Add 0*1 gramme of salicoside or salicin to each of 
two portions of emulsin solution. Boil the contents of one 
tube thoroughly and set both aside for two hours in a warm 
place. To each tube add 1 c.c. ferric chloride solution. 
Purple iron salicylate indicates hydrolysis in the unboiled 
tube. 

511. Myrosin. The characteristic odour of allyl isothio- 
cyanatc, “ mustard oil,” may be used to detect the action 
of this enzyme. Soak 2 grammes of whole black mustard 
seeds in water overnight ; also an equal quantity of white 
mustard seeds. 

(a) Crush the black mustard in a mortar ; triturate 
thoroughly with a little water. Note the odour. Add 
10 c.c. water ; mix well ; transfer to a porcelain basin and 
boil until no pungent odour can be detected. Filter ; the 
solution contains sinigroside with the myrosin destroyed ; 
pour a half into each of two tubes. 

(b) Crush the white mustard ; Jind triturate with water 
until 10 c.c. have been used. Set aside in an open vessel 
overnight ; liltcr. Note the odour ; the solution now 
contains myrosin with some sinalboside. Divide the solution 
equally into two ; boil one half ; cool ; add this to one of 
the tubes from (a) and the other half to the other tube from 
(a). Cork both lightly and set them aside for an hour. 
Note the difference in the odours. The unboiled myrosin 
again acts upon the sinigroside. 

512. Proteases. Using 5 c.c. portions of a mixed protease 
sohition, prepared as indicated on p. 231, make the following 
tests : — 

(a) Using small pieces of white of egg and also of yolk 
investigate the action of the enzymes when the solution is 
(i.) previously well boiled ; (ii.) previously acidified (pH 2*0) 
with dilute hydrochloric acid ; (iii.) previously rendered 
slightly alkaline (pH 9-10) with dilute caustic soda solution. 
Digest all three tubes on a water-bath at 35° to 40° C. for 
two hours. 
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(b) Pepsin Type. Neutralise the acid digest from ( (a), 
(iii.) ) above. Filter off the precipitated metaproteins. Boil 
the filtrate, and while it is boiling acidify faintly to destroy 
the enzyme and coagulate the unchanged coagulable proteins. 
Filter. Test part of filtrate for proteoses with nitric acid 
(a precipitate dissolving on heating). Saturate the remainder 
of filtrate with ammonium sulphate. Filter off the pre- 
cipitated proteoses. Test filtrate for peptones by the 
biuret reaction, adding solid sodium hydroxide and one 
drop of 1 per cent, solution of copper sulphate to get the 
pink or violet colour which indicates proteins, which, after 
precipitation of others with ammonium sulphate, should 
be only peptones. 

(c) Erepsin Type. Allow alkaline digestion to proceed for 
several days, covering the top of the fluid with a thin layer 
of toluol as a preservative. Add a few drops of acetic acid ; 
filter and (i.) test the precipitate, if any, for tyrosin ; (ii.) test 
half the filtrate for tryptophane (see below) ; (iii.) neutralise 
the remainder with ammonia, evaporate to 0*5 c.c. or less, 
cool, and set aside. Crystals of tyrosin may form on 
standing. 

Tests for Tyrosin. (i.) Add 0*5 c.c. water also a crystal of 
sodium chloride and a small quantity of dry quinone ; 
warm. A ruby-red colour indicates tyrosin. 

(ii.) Add concentrated sulphuric acid (0-5 c.c.) and two 
to three drops of 40 per cent, formaldehyde. Whenever the 
solution becomes red, add 1 c.c. glacial acetic acid, and warm 
carefully. A green colour indicates tyrosin. 

(iii.) The fine colourless acicular crystals, often in clusters, 
with a high melting point {ca, 816° C.), are characteristic. 

Test for Tryptophane. Using 1 or 2 c.c. of the solution 
add bromine water, one drop at a time, shaking after each 
drop. The characteristic pink or magenta colour given by 
this amino-acid is destroyed by excess of bromine. When 
it is obtained, the coloured substance can be separated by 
shaking gently with a few drops of amyl alcohol. 

513. Oxidising Enzymes. Aqueous extracts containing 
oxidase give the following colour reactions ; (1) blue with 
guaiacum solution (see Appendix II) ; (2) blue with benzidine 
solution ^ ; (8) violet with a-naphthol solution.^ Aqueous 
extracts containing only the peroxidase element give the 

^ Benzidine and also a-naphthol are used as 1 per cent, solutions 
in 50 per cent, alcohol. 



IDENTIFICATION SCHEME 229 

same colour reactions if a few drops of hydrogen peroxide 
are added after the test solutions, 

(a) Demonstrate the occurrence of oxidase in one or more 
of the following — potato tuber, green cherries, plums, pears. 

(b) Demonstrate the occurrence of peroxidase in one or 
more of the following : root of horseradish, turnip, radish ; 
fruit of cucumber, melon. 

(c) Investigate the occurrence of oxidising enzymes in 
dandelion, hawthorn, forget-me-not (oxidases) ; and in pea, 
wallflower or other crucifers, violet (peroxidases). 

(d) Investigate the occurrence of oxidising enzymes in 
bran, root-hairs, vascular bundles of various plant stems 
and petals of flowers. 

514. Zymase. Mix in a test-tube 1 gramme of zymin 
(see p. 231 ) with 5 c.c. of 10 per cent, dextrose solution, and 
after at least twelve hours test for alcoholic fermentation 
as in Ex. 208. 

515. Maltase. Mix in each of two test-tubes 0*2 gramme 
of zymin with 5 c.c. of 1 per cent, maltose solution ; boil 
one tube for ten minutes ; add to both a few drops of toluol 
and incubate at about 38° C. for forty-eight hours. Filter ; 
evaporate separately to about 1 c.c. and prepare the osazones 
as in Ex. 314. Compare under the microscope the malt- 
osazone from the boiled tube with the glucosazone from the 
tube with the active enzyme.^ 

516. Determine the nature of the enzyme in the 100 c.c. 
of solution supplied. Prepare six tubes as follows : — 

(a) One cubic centimetre 0*1 per cent, starch solution ; 
(b) 1 c.c. 1 per cent, cane sugar solution ; (c) 1 c.c. 1 per 
cent, dextrose solution ; (d) 1 c.c. 1 per cent, inulin solution ; 

(e) 0-1 gramme dry amygdalin ; (f) 0*5 c.c. guaiacum solution. 

To each add 5 c.c. of the enzymic solution ; set aside 
tubes (a), (b), (c), (d) ; fit picrate paper and a cork in tube 
(e) then set it aside ; if no blue colour has developed in (f) 
add a few drops of hydrogen peroxide. Positive results with 
(b) and (c) may indicate a mixed yeast extract, which might 
also react with (a) and (f). If all the results are negative 
maltase is possible, and proteases should be looked for, 
using pin-head portions of freshly coagulated white of egg. 

1 Much of this chapter depends upon Onslow’s “ Practical Plant 
Biochemistry,” but the present writer apologises immediately for 
mentioning that precise and accurate^ manual in connection with the 
above rough approximations for less advanced students. 
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Confirmatory tests should be applied, for which sec above, 
and also Onslow’s “ Practical Plant Biochemistry.” 

METHODS OF PREPARATION 

Diastase 

(a) Take 5 grammes of malt, or barley in the early stages 
of germination ; pound this thoroughly in a mortar ; add 
water in small quantities, triturating thoroughly after each 
addition, until 100 c.c. water have been used. Transfer the 
mixture to a beaker and set aside for three hours in a warm 
place, stirring occasionally. Filter. 

(b) The extract obtained by the above method is placed 
in a round-bottomed flask attached to an active suction 
pump ; heated gently on a water-bath not above 50° C. 
until concentrated to about 10 c.c. Alcohol (1)0 to 96 per 
cent.) is added in excess ; the resulting precipitate is filtered, 
washed with 20 c.c. absolute alcohol and dried, if possible 
under reduced pressure, in a desiccator. 

(c) A more convenient method of obtaining a solution 
containing diastase may be used if necessary. Dissolve a 
teaspoonful of commercial extract of malt in 100 c.c. of 
lukewarm water, not above 50° C. ; this contains sugar. 

(d) The dry impure enzyme is obtainable commercially 
and may be used in simple solution, 1 in 500 concentration. 

Ptyalin. Mix saliva with an equal quantity of distilled 
water. 

Cytase. Cover fresh date-stones completely with water 
in a beaker ; keep these always immersed in water in an 
incubator between 60° C. and 70° C. for three weeks or 
until they have about 1 inch of germination tube. 

Invertase. See Ex. 508 (b). 

Inulase. Cut up and crush in a mortar two or three 
sprouting tubers of Helianthus hiberosus ; transfer the mass 
to a wide-mouthed bottle ; add sufficient water to cover the 
material and set aside in a warm place for twenty-four hours. 
Decant and filter some of the fluid. 

Emulsin. Sweet almonds contain emulsin free from 
amygdalin ; therefore they are preferred to bitter almonds 
for the preparation of this enzyme. Blanch half a dozen 
sweet almonds by removing the seed-coats with the aid of 
hot water ; crush the kernels in a mortar ; triturate with 
two successive 5 c.c. quantities of ether, rejecting the oily 
ether extracts. Add 50 c.c. water ; triturate thoroughly ; 
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transfer to a bottle ; add one drop only of chloroform ; 
shake well and set aside for twenty-four hours. Decant 
and filter. 

Myrosin. See Ex. 511. 

Proteases, (a) Pepsin and trypsin (erepsin type), the 
latter also as Liquor Pancreatis, are both obtainable com- 
mercially in the dry condition. 

(b) A mixture of enzymes of these two types can be 
obtained by aqueous maceration of figs at temperatures 
below 50^" C. 

(c) Commercial papain includes both types from a plant 
source. 

(d) Both occur also in hemp seed, from which they can be 
extracted thus : Soak 10 grammes of hemp seed in water 
overnight ; grind them in a mortar, with sand if necessary ; 
add 50 c.c. 10 per cent, sodium-chloride solution in small 
quantities, triturating thoroughly after each addition. Set 
aside overnight in a cool place ; filter. 

Oxidising Enzymes, (a) Fresh aqueous extracts of the 
various tissues are prepared rapidly by cutting the material 
into small, thin pieces, grinding this in a mortar with twice 
its weight of water and filtering. 

(b) Sections may be mounted and examined under the 
microscope when the distribution of enzyme is localised as 
in some petals. 

Zymase. Extract 10 grammes of yeast with two successive 
quantities of 20 c.e. acetone on a small Buchner funnel 
lined with three layers of filter paper ; dry by suction 
filtration ; powder in a mortar ; add just sufficient ether 
to make a workable paste ; triturate for five minutes ; 
spread out on filter paper to dry in a safe place away from 
any naked flame. This dried dead yeast powder is known 
as zymin, and can be used as an extracellular mixture of 
enzymes which includes zymase and maltase. 

N.B. Advanced students will find many other experi- 
ments and much valuable information concerning enzymes, 
their distribution and reactions, in “ Practical Plant Bio- 
chemistry,” by M. W, Onslow. Cambridge University 
Press. 



PART II 

CHAPTER XXXI 
PRINCIPLES OF CLASSIFICATION 

517. The recognition of similarities and differences, 
together with the grouping of degrees of similarity and the 
separation of degrees of difference, is the fundamental 
principle of classification. Even the first-year student 
should carry out at least one exercise involving this 
principle. 

(a) Classify and give an account of the various shapes of 
ivy leaves which can be found locally. 

(b) Given a mixed collection of (i.) grass inflorescences, or 
(ii.) grass leaves, classify them and give an account of your 
methods of grouping. 

(c) Similar exercises can be carried out on mixtures of 
seeds or small fruits. 

518. Prepare diagrams (see Fig. T 901) showing the status 
and names of the various sub-divisions of the plant kingdom 
for the following : Spirogyra, Agaricus, Funaria, Aspidium^ 
Pinus, CycaSy Rosa, Ferula, Erica, Primula, Solarium, 
Taraxacum, 

519. Prepare a diagram to show the possible relationships 
of the following : Chlamydomouas, Saccharomyces, Laminaria^ 
Riccia, Polytrichum, Selaginella, Ephedra, Ranunculus, Rosa, 
Scabiosa, Lobelia, Senecio, Taraxacum, Carduus* 

520. By reference to appropriate books give a comparative 
account of the principles of classification used for flowering 
plants by Theophrastus, e,g, in his “ Enquiry into Plants,” 
by Linnaeus in his “ artificial system,” which is to be found 
in many old books, and by De Candolle in his “ Prodromus,” 
which is the basis of modern systems. Follow at least three 
examples through the three stages. 

521. Write brief notes on the principles of classification 
which lead to the following distributions : 
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(a) Caltha palusiris and Ranunculus acris are in the same 
family, while Spircca and Astilbe are in different families. 

(b) Geranium, Tropceolum and Limnanihes are by some 
authorities placed in three different families and by others 
all in the same family. 

(e) Cycas, Pinus and Welwitschia are all in the Gymno- 
spermae, but in different divisions. 



CHAPTER XXXII 
THE PHYLA 

Before commenciiif? the detailed study of the lower 
plants the first-year student should make praetieal eoin- 
parisons which involve the main distinguishing characters 
of the phyla. 

522. Compare under the microscope the spores of 
Lycopodium with minute seeds, e.g. of an orchid, or 
Calceolaria or Iceland poppy. 

523. Compare and draw under H.P. prepared specimens 
of the oogonium of Vaurheria or other alga, and the arche- 
gonia of a liverwort, a moss, a fern, and Pinus, 

524. Compare and make annotated drawings of the thallus 
of Vaucheria, Fucus or Laminaria, Agaricus ; the fruiting 
plants of Pellia or Marchanfia ; Sphagnum or Funaria or 
other moss ; the prothallus and sporophyte of a fern, the 
prothallus and seedling of Pinus, also the embryo sac and 
plant of daffodil or w^allHower. Label the following where 
they occur : thallus, rhizoids, stem, roots, gametophytic 
leaves, sporophytic leaves, sporophyte and gametophyte. 
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ALG^E 

First Year Types 

525. Chlamydornonas, A motile unicellular green alga. 
Place a dro)) of water, containing living specimens, on a 
slide, and lower the cover-slip gently. Under low-power 
note numerous green cells moving actively. Find one which 
has come to rest and examine under high power. Note and 
draw on a large scale : (a) oval cell wall ; (b) large cup- 
shaped gre(‘n chloroplast which lies in the cytoplasm and 
occupies almost the whole cell ; (c) within the base of the 
chloroplast lies a pyrenoid, consisting of nitrogenous 
substance, which may be surrounded by starch granules ; 
(d) colourless cytoplasm at anterior end of cell from which 
2 cilia arise (if cilia cannot be seen irrigate with iodine 
solution after having drawn the specimen) ; (e) a small red 
pigment spot may be seen. The nucleus is usually concealed 
by the chloroplast and is difficult to see (Fig. T 913). 

526. Vaucheria, Mount a few filaments carefully in 
water. The whole thallus is one large multinucleate cell 
or ccenocyte, with many branches. Note and draw 
appearance under low-power. Under high-power note and 
draw (a) external cell wall (there are no cross-walls in the 
vegetative filaments) ; (b) very numerous small chloroplasts 
which arc embedded in the lining layer of cytoplasm ; (c) 
numerous refractive oil drops in the cytoplasm (reserve food 
material). Many nuclei are present, but these cannot be 
seen without special staining (Fig. T 925). 

Reproductive Organs. Under H.P. examine and draw : 
(a) anthcridium, a short curved branch the end of which is 
cut off by a transverse wall ; the contents form motile 
antherozoids (male gametes) ; (b) oogonium, nearly globular 
in shape ; note transverse wall at the base. The contents 
form a single large non-motile oosphere or egg cell (female 
gamete). In some cases a fertilised egg cell (oospore) may 
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be seen. This can be distinguished by the thick cell wall 
(Fig. T 924). 

527. Spirogyra, A multicellular green alga consisting 
of unbranehed filaments of cells placed end to end. Mount 
in water ; note and draw two or three cells to show : (a) 
spiral chloroplasts in which pyrenoids are embedded ; (b) 
nucleus. Some filaments may show stages in conjugation. 
Make drawings to show different stages in conjugation. 
(Figs. T 922-923). 

528. Fucus vesiculosus or F. serratus. Examine and draw 
thallus of Fucus, Note attachment disc, stalk, fronds,” 
dichotomous branching, growing points. The extreme apex 
is sunk in a depression. Observe fertile branches with con- 
ceptacles. Male and female conceptaeles are on different 
plants. Examine demonstration sections through male 
conceptaeles. Note and draw (1) flask-shaped cavity with 
an ostiole ; (2) colourless branched hairs bearing brownish 
oval antheridia ; (3) sterile hairs. Examine demonstration 
sections through female conceptaeles. Note greenish oogonia 
— large oval bodies some of which may have undergone 
division into a number of egg cells. Eight egg cells are 
formed (Figs. T 937-942). 

Second Year Types 

N.B. (1) For classification sec Textbook, pp. 456-458, also 
“ British Fresh-water Algae,” by West and Fritsch (Cambridge 
University Press). 

(2) Drawings should be made of all observed general forms 
and structural details. 


CYANOPHYCEiE 

Group I. Cbrodcoccales — unicellular or in loose indefinite groups. 

Glceocapsa, Examine squash preparations and draw a few 
groups. This occurs as gelatinous yellowish masses on old wood 
in or about heated glass-houses. 

Group in. Hor mogoneales — filaments with or without heterocysts. 

Nostoc, Note gelatinous mass, embedded in which are chains 
of rounded cells with intercalary or terminal large colourless 
heterocysts, each with slight thickenings where the hormogones 
are attached. 

Collema, Note the Nostoc filaments, also the fine mycelial 
threads of the associated fungus ; Collema is a dark green gelatin- 
ous lichen. 

Andbaena, In a transverse section of Cycaa root, note the 
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endophytic Anabaena cycddearum, very similar to Nostoc (see Ex. 
217). Similar endophytic filaments are to be found within the 
leaves of Azolla. 

Oscillatoria, Note faint septation and sheath, also distinct 
wall and rounded ends of sections or hormogones. 

CHLOROPHYCEiC: 

Class I. Isokontae 

Group I. Volvocales 

Series I. Chlamydomonadales 

Fam. 2. Chlamydomonadaceae. Chlamydomonas ; examine 
fresh material (see Fig. T 913 and Ex. 525). 

Fam. 3. Sphaerellaceae. Volvox ; examine fresh coenobia ; 
look for young ccenobia within parent ; also androgonidia (16-64) 
and gynogonidia (4-8) (see Fig. T 926). 

Series III. Tetrasporales 

Fam. 1. Palmellaceae. Palmella (see Fig. T 913). 

Group 2. Chlorococcales 

Series I. Zoosporinae 

Fam. 3. Hydrodictyaceae. Pediastrum ; a single layer of small 
coenocytes united to form a free-floating cocnobium (see prepared 
slide, also Fig. T 927). 

Group 3. Ulotrichales 

Series I. Eu- Ulotrichales 

Fam. 1. Ulotrichaceae. Ulothrix ; examine fresh material and 
mount in glycerine jelly (see Figs. T 916-918). 

Fam. 8. Ulvaceae. Ulva ; mount a portion or section ; note 
two cells thick, each cell with one parietal chloroplast and one 
pyrenoid. 

Enteromorpha ; mount a portion ; note single tubular layer of 
cells, enclosing a watery cavity. Compare with Ulva, 

Series 111. Cladophorales 

Cladophoraceae. Cladophora ; examine fresh material. Note 
wall formation by ingrowth, also reticulate chloroplast with large 
pyrenoids. Stain a portion in hsematoxylin (10-15 minutes), 
pass through alcohol, absolute alcohol, erythrosin in clove oil, to 
xylol ; mount in Canada balsam. 

Group 4. Chaetophorales 

Fam. 2. Trentepohliaceae. Trmtepohlia ; orange red mat on 
rocks or tree-trunks. Note hcematochrome in sap, numerous 
ohloroplaists, terminal or lateral sporangia, apical thickening of 
wall in end cells. 

Fam. 3. Coleochsetaceae. Coleochaste ; examine prepared 
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slide ; note nieristem and special reproduction (see Textbook, 
pp, 44.5-459, also Fritsch and West, p. 202). 

Fam. 5. Pleurococcaceae. Pleurococcm ; examine fresh 
material (see Figs. T 914-915). 

Group 5. Oedogoniales 

Fam. Oedogoniaceae. Oedogoninm ; examine fresh or pre- 
served material (see Figs. T 919-921). 

Group 6. Conjugatae 

Series I. Eu-Conjugatae 
(b) Zygnemales. 

Fam. 2. Zygnemaceae. Spirogyra ; examine fresh or preserved 
material in detail (see Ex. 527 and Figs. T 922 928). 

Fam. 3. Mougeotiaceae. Mougeotia (see Ex. 406). 

Series 11. Desmidiaceae. Closterium, etc. 

Group 7. Siphonales 

Fam. 1. Vaiicheriaceae. Vnucherin (see Ex. 526 and Figs. 
T 924^ 925). 

Fam. 2. Caulerpaceae. Caulerpa ; examine museum specimen 
and prepared slides ; large ccenoeyte, note transverse trabeeuhe 
(see Fig. 929). 

Fam. 3. Codiaceae. Codium tomentosum ; examine material 
and T.S. ; thallus much branched, ecrnoeytic ; a marine type 
with pseudo-parenchyma, rhizoids and many small parietal 
chloroplasts. 

Class II. Heterokontae 

Group 4. Heterosiphonales 

Fam. Botrydiaceae. Botrydium ; examine prepared slide (see 
Fig. T 928). 

Class IV. Bacillariales (Diatomales) 

Examine and draw prepared material of the following (see 
Fig. T 986 A). 

Group A. Centricae 

Series I. Discoideae. Melosira, Cyclotella. 

Group B. Pennatae 

Series I. Fragilarioideae. Tabellaria, Meridiorif Licmophora^ 
DiaUmia. 

Series III. Naviculoideae. Navicula^ Gontphonema. 



BROWN AND RED ALGAE 289 

PHiEOPHYCEiE 

Phaeosporales 

Ectocarpaceae (Rabenhorst) includes Pylaiella and CladostephxiSt 
p. 241. 

Ectocarpus ; examine mounted specimens. E. siliculosus ; 
examine material and prepared slides of zoosporangia (see Figs. 
T 945-946). 

Mesogloeaceae includes Chordaria, Elachista and Leathesia. 
Punctariaceae. Desmarestia aculeata ; mount an apical portion, 
also T.S. thallus low down (see Fig. T 943). 

Cutleriaceae. Cutler in ; examine prepared slides and herbarium 
specimens (see Fig. T 946). 

Cyclosporales 

Fucaeea". Fucus ; examine material in detail (see Ex. 525 and 
Figs. T 937-942). Note habit of F. vesiculosus, F. serraius, 
F, spiralis. 

Ascophyllum nodosum ; note general habit, with Polysiphonia 
epiphvi:ic. 

SargasHum ; examine herbarium specimens (see Fig. T 946). 
Pelvetia canaliculata ; examine material ; note monoecious 
eoneeptacle (prepared slide), also limiting layer and apical cell 
(see Figs. T 947-948). 

Ilimanthaiia lorea (see Fig. T 946) note general habit. 
Laminariacea' includes Chorda and Alaria, p. 240-241. 
Laminaria ; note general habit of L. saccharina also L. digitata 
with hapteron, stipe and lamina ; cut T.S. and L.S. stipe (see 
Fig. T 944). Laminaria reproduces by means of zoospores 
produced in sporangia situated in a furrow at the base of the 
lamina. These zoospores settle to form microscopic unisexual 
gametophytes, which develop in v^arious ways (see Lloyd Williams 
in Ann. Bot., 35, 121). 

Dictyotacea'. Diciyoia dichoioma ; examine herbarium 
specimens ; also material ; stain in eosin and mount an apical 
portion ; also sori and tetrasporangia ; examine prepared slide 
of T.S. thallus (see Fig. T 949). 

Padina pavonia ; note general habit in herbarium specimen. 

RHODOPHYCEiE 

I. Bangiales includes Bangia and Porphyra, 

II. Florideas includes the following : — 

Nemalionales 

Nemalion ; examine material and prepared slide (see Figs. 
T 952-953). 

Gelidium ; note herbarium specimens, also specimens of agar- 
agar. 

Gigartinales 

Chondrm crispus ; examine material and herbarium specimens 
(see Fig. T 902). 
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Gigartina mamillosa ; examine material ; note mammillae. 

Rhodymeniales 

Polysiphonia fastigiata ; examine material in detail ; note 
thallus in T.S. and L.S., also tetmspores, antheridia, cystocarps, 
etc. (see prepared slides and Figs. T 946, T 950). 

Ceramium ; examine prepared slides, also material (see Fig. 
T951). 

Plocamium coccineum ; examine mounted specimens, also 
prepared slide (Fig. T 954). 

Lejolisia ; note prepared slides (Fig. T 953-954). 

Cryptonemiales 

Dudresnaya ; examine prepared material. 

Corallina ; note general habit in mounted specimens. 

Note : 

Ceram iaceae — includes Rhodochorton, Callithamniony Griffithsiay 
Ptilotay Dudresnaya and Ceramium y see below. 

Cryptonemiaceae — includes Dumontitty Halymeniay Furcellaria 
and Iridaea, 

Gigartinaceae — includes Chondrus and Gigartina. 
Rhodomeniaceae — includes Rhodymeniay Plocamium. 

Rhodomelacese — includes Laurencia and Polysiphonia. 

COASTAL ZONATION 

The following brief summary of a more or less typical flora in 
the tidal zone of a sloping rocky shore has proved helpful as a 
general guide to beginners ; many variations occur and many of 
the forms in the lowest zone are to be found in rock-pools at 
higher levels. 

Lichens — Ramalina scopulorumy Xanthoria parietina. 

Verrucaria maura (black), V. mucosa (greenish), Lichina 
confiniSy L. pygmcea. 

Spring Tide H.W.M.— 

Pelvetia canaliculata, Cladophora rupestris. 

Neap Tide H.W.M.— 

Fucus spiralis or Fucus platycarpusy Viva latissima, 
Enteromorpha intestinalisy Porphyra laciniatay P. vulgaris, 
Ascophyllum nodosum with Polysiphonia fastigiata epi- 
phytic and many shade forms of lower zones below, e.g. 
Lomentaria (Chylocladia)y Ceramiumy Plocamiumy etc. 

Fucus vesiculosus. 

Neap Tide L.W.M.— 

Fucus serratus. 

Halidrys siliquosay Alaria esculenta (small), Himan* 
thalia loreoy Laurencia pinnatifida or L. ccespitosoy 
Gigartina mamillosa. 

Laminaria digitata. 

Laminaria saccharina. 

Alaria esculenta (large). 
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Spring Tide L.W*M. — 

Chondrm crispiis, Callithanimion spp., Corallina officinalis, 
Ceramium rulrrnm, Dumontia filijormis, Delesseria alata, D, 
sanguinea, D, sinuosa, D, sericea, Gigaj-tina mamillosa, 
Ptilota plumosa, Plumaria elegons, Chylocladia (Lomen- 
taria) articulata, Plocamium coccineum, Laurencia spp., 
Rhodymenia laciniata, R. palmata, Iridaea edulis, Furcellaria 
fastigiata, Griffithsia setacea, etc. ; also brown algae, Des- 
marestia aculeata, Ectocarpus spp., Asperococcus, Chorda 
filum, Chordaria, Dictyota dichotoma, Cladostephus spongiosus. 

Algae of Sand and Sandy Mud include Enleromorpha intestinalis,^ 
Rhizoclonium sp., Rhodochorton floridulum, R, rothii, Bangia 
spp. may occur on rock surfaces. 

^ E. compressa occurs in the mud-flats of the salt-marsh formation, 
also on flat sandy beaches, especially in the neighbourhood of fresh- 
water streams. 
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First Year Types 

529. Mucor. A saprophytic mould fungus. Note dense 
felt of mycelium, which is made up of colourless threads of 
hyph^e growing on decaying organic matter. Obs(Tve 
sporangiophores, eaeh bearing a spherical sporangium at tip. 
Mount in w^ater ; under H.P. note and draw* : (a) cell w^all ; 
(b) granular cytoplasm ; (c) sporangium filled with spores ; 
(d) columella — a cross- w^all projecting into the sporangium. 
Examine demonstration slide showing zygospores of Uhizopus 
— a fungus closely allied to Mucor (Figs. 058-959). 

530. Cystopus. A fungus growing parasitically on Cr;p- 
sella. Examine material of Ca])seUa infected with Cystopus ; 
notice the wliite patches on the stem ; some will be seen 
covered with the epidermis and in other cases the epidermis 
will be broken. Examine given T.S. stem of infected 
Capsella. Note and draw (1) colourless non-sept ate hyplue 
in intercellular spaces ; (2) haustoria — absorbing organs of 
the fungus, wliich penetrate into the cells of the host plant ; 
(3) under the epidermis the fungus as seen in the conidial 
stage. The epidermis is separated from the underlying 
tissue by a mass of hyphac, each hypha ending in a chain of 
conidia formed by abstrietion. Examine demonstration 
slides of Cystopus showing oospheres (Figs. 960-961). 

531. Saccharomyces (yeast fungus). Examine drop of 
yeast culture. Observe under H.P. : (a) cell wall ; (b) 
cytoplasm; (e) nucleus; (d) glycogen. Note mode of 
vegetative multiplication of the organism by budding. 
Look for chains of cells (Figs. T 899a, 984-985). 

Second Year Types 

N.B. (1) For classification and details, see Textbook, pp. 459- 
480, also The Structure and Development of the Fungi,” by 
G Wynne- Vaughan and Barnes (Cambridge University Press). 
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(2) Drawings should be made of all observed general forms and 
structural details. 

MYXOMYCETES 

1. Myxogasterales (includes most British myxomycetcs) 

Badhamia utricularis — habitat higher fungi ; examine plas- 

modium, sporangia (see prepared slides), also sclerotium (see 
Figs. T 955-95«). 

The sporangial condition of many of these forms dries well, and 
students should see a selection of prepared specimens, such as 
species of Arcifria, Trichia^ Fuligo, Stemonites^ Comatricha, 
Crateriuniy Didymium, Lycogalu, Physarum, etc. ; for details, see 
“ Guide to the British Myxomycetcs,” British Museum, 

2. Phytomyxales 

Plnsmodiophora bnissicw (Finger and Toe Disease) ; examine 
and draw infected turnip root ; mount and examine the section 
supplied (see Fig. 957). 

Spofigospora subterranca (Gorky Scab of Potato) ; examine 
infected tuber, also a section thn)ugh a scab ; note spore-balls 
and look for internal cork layer localising infection ; this may be 
absent. 

PHYCOMYCETES 

I. Archimycetes 

Chytridiales 

Synehytriacea*. Synchytrium eiulobioticum (Black 
Seal) of Potato) ; examine prepared specimens and 
prepared slide of resting sporangium ; also prepared 
slide of S. taruxaci. 

Proto mycetales 

Protornycetacefp. Prolomyces macrosporus ; note 
blisters on bishopweed leaf-stalks and rhizomes ; 
examine prepared slide of resting sporangium. 

II. Oomycetes 

Saprolegniales 

Saprolegniacea% Saprolegnin ; material on immersed 
flies, mount in water and examine for zoosporangium, 
oogonium with several oospheres, antheridium. 

Achlyn ; note prepared slides of zoosporangia and 
oogonia (see Figs. T 966-967). 

Peronosporales 

Pythiaceje. Pyihium deharymnim ; examine infected 
cress seedlings ; external conidia and zoosporangia ; 
internal oogonia with or without antheridia (see Fig. 
T 962).. 

Phytophthora infestans (Potato Blight) ; cut T.S. 
infected leaf ; note conidiophores, conidia, intercellular 
hyphae and intracellular haustoria (see Figs. T 963-964). 
The haustoria are usually less narrow and less branched 
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than in Fig. T 963, Sexual reproduction has been 
described ; the oogonium sends a tube completely 
through the antheridium, and this tube then swells to 
form an oospore on the far side of the male organ. 

Albuginaceae. Cystopus candidus (Albugo Candida) ; 
examine infected Capsella plants externally, and in T.S. 
note intercellular hypha; and intracellular haustoria, 
also prepared slide of oogonia and antheridia (see Figs. 
T 960-961). 

Peronosporaceae ; includes Plasmopara viticola (see 
Fig. T 965) ; note Peronospora ficarice on lesser celandine, 
ill. Zygomycetes 
Mucorales 

Mucor mucedo (Black Mould) ^ ; examine material ; 
note mycelium, sporangiophore, sporangium with 
columella (see Fig. T 958 and Ex. 529). 

Mucor siolonifer (Rhimpus nigricans) ; heterothallic, 
note prepared slides of stages in conjugation (cp. Fig. 
T 959). 

Sporodinia grandis ; homothallic, note prepared slide 
of zygospores. 


ASCOMYCETES 

I. Plectomycetes 

Plectascales 

Saccharomycetaceap. Saccharomyces ; examine active 
fresh material in detail (see Figs. T 899a, also T 984 
985). 

Aspergillaceae. Aspergillus (Eurotium glaucum) ; 

note in prepared slides ascogonium (oogonium), 
antheridium, ascocarp, asci ; also eonidia and sterig- 
mata (see Fig. T 969-971). 

Penicillium ; mount material in glycerol ; note 
conidiophores, eonidia ; also prepared slide of ascocarp 
(see Fig. T 972). 

Erysiphales 

Erysiphaceae. Sphasrotheca mors-uvee ; examine 

material ; note conidial stage and perithecial stage in 
• detail (see Fig, T 968). 

Erysiphe graminis ; examine prepared slides of 
eonidia and ascocarps. 

II. Discomycetes 

Pezizales 

Pyronemaceae. Pyronema ; note prepared slide of 
ascogonia (oogonia) and antheridia. 

^ Grown on wet bread which may require infection with laboratory 
dust. 
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Pezizaceae. Peziza ; cut a vertical section of apothe- 
cium ; stain in aqueous eosin ; mount and note peridium, 
pseudoparenchyma, hymenium with asci and para- 
physes (see Figs. T 973-976). 

Helvellales includes Helvella and Geoglosmm* 

Tuber ales includes Tuber (Truffle). 

Phacidiales : Phacidiaceae : Rhytisma acerinum — note black 
circular sclerotium on leaves of Acer, also in spring the apothe- 
cium below. 

III. Pyrenomycetes 

Hypocreales 

Nectriacese. Neciria cinnabarina (coral spot) ; 
examine material, also prepared slides of conidial and 
perithecial stages of stromata. N. galligena (apple 
canker) develops perithecia on withered apples. 

Claviceps purpurea ; examine prepared specimens, 
also prepared slides and note stromata, perithecia, asci 
and spores (see Figs. T 903, also T 977-982). 

Cordyceps ; examine prepared specimens (see Fig. 
T. 983). 

Sphaeriales includes Chwtomium found on damp wallpaper, 
Sordaria and Xylaria (Candle-tuft). 

BASIDIOMYCETES 

I. Hemibasidiomycetes 

Ustilaginales 

Ustilaginacese (basidia septate) Ustilago carbo ; 
examine infected oats (see Fig. 986). 

Tilletiaceae (basidia continuous) Tilleiia tritici ; 
examine prepared slide of germinating teleutospore. 

II. Protobasidiomycetes 

Uredinales 

Pucciniaceae — 

Puccinia graminis ; hetenrcious ; examine prepared 
slides of all stages (sec Figs. 987-990). 

P. poarum ; cut V.S. of aecidiosori on coltsfoot leaf. 

P. pringsheimii ; examine accidial stage on gooseberry 
leaf. 

P. malvacearum ; examine teleutospore on hollyhock 
leaf. 

Phragmidium xnolaceum ; autoecious ; note all spore 
forms on blackberry (Rubus), teleutosori and uredosori 
on leaf. 

Auricularialet — Hirneola auricula-judae — note prepared 

specimen. 

Tremellales includes Tremella mesenterica (witch’s butter) 
and Tremellodon. 
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III. Autobasidiomycetes 

(a) Hymenomycetales 

Thelephoracea? — includes Stereum jmrpureum and 
Corticium, 

Clavariaceac — includes Clavuria^ Typhulu and some- 
times Dacryomyces, 

Hydnaeeae— includes Phlebia and Hydnum, 

Agaricaeea? — includes many larger fungi, see Hand- 
book of the Larger British Fungi,” by J. Ramsbottom, 
British Museum. 

Agaricm ; examine material ; note stipe, pileus, 
lamella' and annulus. Cut V.S. lamella? and L.S. stipe ; 
mount and examine basidia, sterigmata and basidio- 
spores (see Figs. T 991-096). 

Polyporaceie — includes Merulms lachrymans (dry 
rot), Polyporns, Poly st ictus, Boletus, etc. 

(b) Caster omycetales includes Phallus, (lathrus, Lycoperdon, 
Geaster, Nidularia, Crucihulum, Cyathus ; note prepared 
specimens. 



CHAPTER XXXV 


LICHENES 

First Year Types 

532. Note niuseuni specimens of ernstaeeous, foliaeeous 
and frutieose types ; ineludinfi; Xanthoria, Peltigera, Cetraria 
islandica, Vsnea and Cladonia (ep. Figs, T 996-91)7, also 
T9()4). 

Second Year Types 

XM3. (1) For classification and details see Textbook, 
pp. 481-486, also “ Lichens,” by A. L. Smith, Camb. Univ. 
Press ; Classification of the Lichens,” by W. Watson, 
C.U.P. ; or “ Nouvelle Flore des Lichens,” by A. Boistel, 
Lib. G(^n., Paris. 

(2) Drawings should be made of all observed general 
forms and structural details. 

ASCOLICHENES 

I. Pyrenocarpeae 

Verrucaria nigra ; note prepared specimens. 

V. rnaura ; see on rocks near p. 240. 

II. Gymnocarpeae 

Conioearpinea^ — note prepared specimen Coniocarpon, 
Graph idineie — note prepared specimen of Roccella 
tinctoria and Gr aphis spp. 

Cyeloearpinea' 

Peltigera canina ; foliaeeous ; examine V.S. 
thallus ; note apotheeia and rhizines (ep. Fig. 
T 999). 

Xanihoria (Parmelia) parietina ; ernstaeeous ; 
examine specimens, also prepared slide of V.S. 
thallus and apotheeium ; draw this under H.P. 
and label upper cortex, algal zone, medulla, lower 
cortex, rhizines, asci and aseospores (ep. Figs. 
T 999 and T 974). 

Cladonia ; examine podetia under poeket-lens ; 
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mount and examine under H.P. soredia from 
interior of cup ; cut T.S. podetium. Note also 
museum specimens of all other forms mentioned in 
the Textbook, p. 486. 

BASIDIOLICHENES 

Cora povonia ; note and draw prepared specimens (see 
Fig. T 998). 



CHAPTER XXXVI 


BACTERIA 

First Year Types 

533. Examine a drop of hay infusion in which decaying 
organic matter is present. Under L.P. note numerous very 
minute bacteria. They are motile by means of very delicate 
cilia, visible only after special staining. Under H.P. observe 
shapes of bacteria. Most of them will be Bacillus subtilis 
which is rod-shaped (bacillus form)^ but others may be 
present, <?.g. spherical cells (coccus form) or spiral cells 
(spirillum form). 

534. Scrape the surface of one of your teeth with a pin 

and mount the deposit in a drop of water. Examine under 
H.P. and look for the following : (a) Bacillus buccalis — 
thick thread-like filaments ; (b) Leptothrix buccalis — thin 
thread-like filaments ; (c) Spirochccte dentium — motile spiral 
cells ; (d) Spirillum sputigenum — motile comma-shaped 

rodlets ; (e) Micrococcus — small spherical cells. After examin- 
ing the bacteria in water, irrigate with iodine. B. buccalis 
will probably stain blue, showing presence of starch, while 
both it and Leptothrix may now be seen to consist of a 
number of cells placed end to end (cp. Figs. T 1005-1006). 

Second Year Types 

N.B. (1) For classification and details see below, also 
“ Determinative Bacteriology,” by D. H. Bergey (Bailliere, 
Tindall and Cox). For details of technique, see Part IV Myco- 
logy and Plant Pathology,*’ by J. W. Harshberger (Churchill). 

(2) Drawings should be made of all observed general forms of 
colonies and structural details. 

Cleaning and Sterilisation. Glassware should be washed with 
soap and water, and dried in an incubator or water-oven. Inocula- 
tion needles, forceps, scalpels, and cover-slips may be sterilised 
by boiling in water or by passing three times through a Bunsen 
flame. Prepared tubes or fiasks of media should be plugged 
tightly with cotton-wool and sterilised in an autoclave at one 
and a half atmospheres of pressure for at least fifteen minutes. 
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General Investigations 

(1) Prepare a stale infusion of hay (see Ex. 533), broad beans, 
peas or other dry vegetable material ; inoculate a plate (Petri 
capsule) of agar ' and 0-2 per cent, dextrose from the infusion ; 
and note the characters of the resulting colf)nies. 

(2) Extend Ex. 534 to a study of the forms present as grown 
on a neutral agar-dextrose medium. 

(3) Prepare tubes of agar-dextrose with a sloping surface and 
inoculate the surface from the buccal cavity by means of a 
sterile needle placed in the mouth and then drawn across the 
sloping surface of the medium to get a streak culture. 

(4) Expose sterile plates of agar-medium to whicli has been 
added an equal quantity of aqueous 1 per cent. j)eptonc (a) to 
the air of the laboratory, and (b) to the air outside, each for only 
ten minutes. Incubate the closed capsules at 25° V. and note 
the number and other characters of the resulting colonies. 

In the above exercises the following characters should be noted : 
number of colonies ; rate of growth ; h)rm, including (‘levation, 
edge and internal structure ; colour, lujuefactioii ; form of cells ; 
method of grouping, e.g. in chains, etc. ; formation of endospores ; 
cilia, capsulating membranes, zooghca ; staining reactions with 
carbol fuchsin ^ and methylene blue.^ 

Classification of Bacteria 

The following much abbreviated classification is derived from the 
third edition of Bergey’s Manual of Determinative Bacterio- 

io^y«’’ 

Order I. Eubacteriales — more or less spherical, with or without 
endospores. 

Fam. 1. Nitrobacteriacea^ — chemosynthetic ; includes Nitro- 
sornomts, Nitrohacter, Azotobucter ^ Rhizobium ( Pseudomonas). 

2. Coccaceic cocci, no endospores ; includes IHplococcus ^ 
Streptococcus, Staphylococcus, Micrococcus, Sarcina, Rhodococcus. 

3. Spirillaccae— commas or spirals, not flexuous ; includes 
Vibrio and Spirillum. 

4. Bacteriaceje — saprophytes or parasites, no endospores ; 
includes Serratia marcescens Bacillus prodigiosus) (red), 
Flavobacterium (yellow), Chromohacterium (violet). Pseudomonas 
(greenish), Eberthella iyphi ( = B. typhosus). 

5. Bacillaceae — saprophytes or parasites, endospores formed ; 
include.s Bacillus sulHilis and Clostridium (C. tetani ™ B. ietani). 
Order II. Actinomycetales —filamentous, conidia may be formed ; 

includes Actinomyces. 

Order III. Chlamydobacteriales — alga-like, conidia may be formed ; 

^ See Appendix II. 
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includes Leplothrix ochmcea, also Didymohclix ferruginca 
( ™ Spirillum ferrugineum). 

Order IV. Thiobacteriales — sulphur granules stored, no conidia ; 
includes Thiothrix and Beggiatoa, 

Order V. Myxobacteriales- pseudo-plasinodium, cysts, but no 
conidia and no endospores formed. 

Order VI. Spirochaetales — flexuous spiral cells ; includes Spiro* 
chcete. 



CHAPTER XXXVII 


BRYOPHYTA 

First Year Types 

535. Liverworts. Examine and draw external features 
of Pellia, I. Gametophyte. Note flattened green thallus, 
dichotomously branched, and brownish rhizoids on lower 
surface. The antheridia occur on the upper surface of the 
thallus and may be seen with the naked eye as dots. The 
archegonia arise in groups behind the growing points. 
Examine prepared slides showing antheridia and archegonia. 
Make careful drawings to show details. II. Sporophyte. 
Examine and draw thallus (gametophyte) of Pellia with 
sporogonium (sporophyte) attached. Examine also prepared 
slide showing young sporogonium (Fig. T 1014). 

536. Mosses. Examine and draw external features of 
Sphagnum (Bog-moss). I. Gametophyte, Note leafy plant 
made up of erect stem and thin leaves. Stem is branched. 
Some branches grow erect, others turn down and are 
adpressed to the axis. Mount a leaf of Sphagnum, Note 
large water-storing cells and small chlorophyll-containing 
cells. Sexual organs are borne on special branches of the 
gametophyte, antheridia on one branch and archegonia on 
another. Examine material with antheridia. Also examine 
and draw prepared slides of antheridia and archegonia of a 
moss. II. Sporophyte, The sporogonium itself has no stalk 
but it is raised up above the leaves on an outgrowth of the 
gametophyte and it remains attached to this by a foot. 
Dissect out a sporogonium of Sphagnum ; note columella and 
bell-shaped spore sac containing spores (Figs. T 1018-1022). 
Draw details of Sphagnum, gametophyte and sporophyte. 

537. Examine and draw in detail the gametophyte and 
sporophyte of Funaria (see Textbook figures, T 1028-1086). 

Second Year Types 

N.B. (1) For classification see Textbook, p. 510 ; also “Hand- 
book of British Hepatics,” by S. M. MacVicar ; “Handbook of 
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British Mosses,” by H. N. Dixon, both published by V. V. Sum- 
fteld, Eastbourne ; “ Nouvelle Flore des Mousses et des 

Hepatiques,” by M. Douin (Lib. Gen., Paris). 

(2) Drawings should \)c made of all observed general forms and 
structural details. 

I. Marchantlale, Hepaticae 

Ricciaceae — Riccia fluitans ; note in fresh or preserved 
material — dichotomy, midrib, growing point ; examine 
prepared slide of V.S. thallus and sporogonium {R» 
glnma or other species) (cp. Fig. T 1007). 

Marchantiacea; — Marchantin polymorpha ; note in fresh or 
preserved material — circular gemmae cups, barrel- 
shaped pores, rhizoids, amphigastria ; prepared material 
of antheridiophores and archegoniophores ; also pre- 
pared sections of these and of young sporogonia ; note 
the grooves in the stalks. Cut and mount a vertical 
section of the thallus ; label all details such as assimi- 
lating filaments, smooth and tuberculate rhizoids, 
amphigastria, etc. (see Figs. T 1(X)8-1018). 

Lunularia cruciain ; note in fresh or preserved material — 
crescent gemmae cups and other details as for Marchantia, 
with simple pores and other differences ; mount some 
gemmae in glycerine jelly and note various stages of 
development. 

Fegatella conica (Conocephalum conictim) ; note absence 
of gemmae cups, and compare other details with Mar- 
chantia and Lunularia. 

II. Jungermanniales : Jungermanniaceac 

Anacrogynae — includes Pellia, Aneuruy Morckia and Blyttia 
(Pallavicinia). 

Pellia epiphylla ; note in fresh or preserved material- 
dichotomy, young sporogonia, involucre, rhizoids, 
vegetative budding. Cut and mount V.S. thallus ; 
note no air-chambers, no amphigastria, no tuberculate 
rhizoids, presence and form of antheridia. Cut and 
mount V.S, sporogonium ; note and label involucre, old 
venter of archegonium, sporogonium with foot, seta, 
capsule, elaters and multicellular spores (see Fig. T 1014). 

Acrogynae — includes Frullania and Cephalozia. 

Frullanin sp. ; note leafy material ; mount material, 
examine dorsal and ventral surfaces ; label dorsal 
leaves, upper lobe and lower lobe (see Fig. T 1015). 


Sphagnales 

1. Sphagnaceae — Sphagnum spp, \ examine material 
a leaf, note chlorophyllous and hyaline cells ; 


; mount 
examine 



254 


BRYOPHYTA 


prepared T.S. stem ; dissect reddish-brown antheridial 
branches ; cut L.S. young sporogonium, mount in 
glycerine jelly and note under L.P. and H.P. ; label 
foot, neck, capsule, calyptra, epidermis, rudimentary 
stomata, annular dehiscence line, lid, chlorenchyma, 
spore sac and columella (see Figs. T 1018-1022). 

II. Andreaeales 

2. Andreaeaceae— sp. ; examine material with 

capsules (see Fig. T 1023). 

III. Bryales 

3. Tetraphidaceae — Tetmphis (see Fig. T 1024). 

4. Polytrichaceae — Polytrichum commune ; note and draw 

plant, also young sporogonium ; label seta, capsule, 
apophysis, calyptra, operculum, epiphragm, peristome 
pores. Cut and mount T.S. leafy stem ; label tissues 
of stem and leaf ; note no lamellae on basal part of leaf. 
Examine hand sections or prepared slides of L.S. 
antheridial rosette, labelling perigonial leaves, paraphyses 
and antheridia ; also median L.S. sporogonium labelling 
seta, apophysis with epidermis, stomata and chlor- 
enchyma ; capsule with wall, outer a^renchyma, trabe- 
culae, two-layered w^all of spore sac, spore sac (cp. T.S.), 
inner aerenchyma, trabecuhe, columella, operculum, 
epiphragm, peristome (sec Figs; T 102,5 -1027). 
Eu-bryales 

14. Funariaceae hygrometrica ; examine material 

in detail ; label in your drawings leaf, midrib, wings ; 
cut and mount T.S. stem ; note in material or prepared 
slides the details of protonema, also antheridial rosette 
and archegonial branch. F^xamine sporogonium with 
seta, foot, capsule and calyptra ; remove operculum and 
note peristome teeth. Cut l^.S. capsule and mount in 
glycerine jelly ; label in your drawings seta, apophysis 
with chlorenchyma, stomata, wall and all details as 
Figs. T 1033 1035, see also Figs. T 1028-1032. 

18. Bryaceae — Bryum ; note material with capsules. 

Mnium ; examine as for Funaria, 

Note, Mosses are easily collected, dried and kept in envelopes 
or displayed in flat, glass-topped boxes.’^ A named collection of 
local mosses should be available for students, particularly in 
connection with ecological studies. 

^ A convenient size is 8 inches x 4 inches x J inch. 
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PTERIDOPHYTA 

First Year Types 

538. Aspidium {Dryopteris filix-mas). Stem. Examine 
and draw whole plant (sporophyte) of Aspidium (Fig. 
T 1058). Note stem with numerous leaf bases and adventi- 
tious roots. Cut stem transversely in half and note cut 
ends of vascular strands (Fig. T 1059-1061). 

Leaf. Examine leaf of Aspidium. Note (1) raehis with 
ramenta ; (2) pinna% on the under side of which are the sori. 
Each sorus contains a group of sporangia and the whole is 
covered by an indusium. Remove a few sporangia and 
examine under low-power (Figs. T 1069-1070). Note (1) 
stalk of sporangium ; (2) annulus of thickened cells and the 
thin part of sporangium wall (stornium) where dehiscence 
takes place ; (3) spores. 

Gametophyte. Examine the prothallus of a fern with a 
hand-lens. Note and draw (1) heart-shaped thallus with the 
growing point between the lobes ; (2) rhizoids at the posterior 
end. Mount prothallus with lower surface uppermost ; 
examine and draw. Look for (a) antheridia showing as 
hemispherical outgrowths among the rhizoids ; (b) archegonia 
nearer the growing point (Fig. T 1075). From the fertilised 
egg-cell of an archegonium a new fern-plant arises. The 
young plant (sporophyte) grows attached to the gametophyte 
for a time. Note, as in Bryophyta, the very distinct 
alternation of generations. 

539. Pteris. Cut T.S. rhizome of Pteris. Note separate 
vascular strands ; each strand showing (1) endodermis, 
(2) ring of phloem, (3) xylem with protoxylem groups (Fig. 
T 1062). 

Examine prepared slide V.S. fertile pinna of Pteris aquilina 
(Bracken). Note different stages in formation of spores. 
Here the sori are marginal. On germination a spore develops 
into a prothallus which is the gametophyte. 
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Second Year Types 

N.B. (1) For classification and details see Textbook, pp. 537- 
538 ; also “ Origin of Land Flora,” by F. O. Bower ; 
‘‘ Extinct Plants and Problems of Evolution,” by D. H. Scott. 


Eligttlatae Lycopodiales 

Lycopodiaceae 

Lycopodium selago ; note shoot erect, dichotomous, roots at 
base of stem, no definite strobili (sub-genus Urostachya), Examine 
T.S. stem ; T.S. root ; sporophyll and sporangium ; L.S. fertile 
zone. 

Lycopodium clavatum ; note shoot creeping, definite strobili, 
spores with reticulate ridges on wall (sub-genus Rhopalostachya), 
Examine plant ; note hair-like leaf-tip ; T.S. stem ; prepared 
section of branching region ; L.S. stem, noting annular and 
spiral elements of protoxylem, also sieve-tubes with lateral sieve - 
plates ; prepared section T.S. leaf ; T.S. root ; external features 
of strobilus; sporophyll, sporangium and spores in detail (see 
Figs. T 1038-1042). 

Ligulatae 

Selaginellaceae. Seluginella martensii ; examine plant ; note 
leaves in alternate pairs, one of each pair large and one small, 
also midrib, ligule and single chloroplast in each cell ; note 
rhizophores, monarch in T.S. ; also external features of strobili 
with reddish-brown microsporangia and green Inegasporangia. 
Cut, stain and mount permanently T.S. stem, T.S. rhizophore, 
L.S. strobilus (see Figs. T 1043-1045). 

Isoetacese. Isoetes lacustris ; examine plant, note longitudinal 
grooves of stem where branching adventitious roots arise ; 
examine prepared T.S. leaf ; also L.S. base of sporophyll, noting 
ligule, velum or flap, sporangia with trabeculae, and heterospory 
(see Figs. T 1046-1047). 

Lepidodendreae (fossil) 

Lepidodendron ; Devonian, Carboniferous, Permian. Examine 
cast of stem ; note leaf-bases with cushion, leaf-scar with 
vein scar and two parichnos, also ligule scar. Examine T.S. 
L. pettycurense ; note protostele with secondary xylem. 
Examine L.S. Lepidocarpon lomaxii and cast of Stigmaria, See 
Scott’s Extinct Plants ” or Seward’s “ Evolution of Plants ” 
for Lepidocarpon lomaxii and Miadesmia, 

Equisetales 

Equisetaceae 

Equisetum arvense ; make drawings of prepared specimen to 
show rhizome with adventitious roots, fertile axis with terminal 
strobili, vegetative axis with branches and leaf-sheaths. 
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Equisetum maximum ; note hollow internodes, solid nodes, 
alternating leaves, longitudinal strije on outside of stem. Cut, 
stain and mount permanently T.S. aerial internode. 

Other species. Make diagrams of T.S. internodes of E, palustrCy 
E, hiemnlCf E, limosum ; showing especially chlorenchynia, scler- 
enchyma and endodermis. Draw one vascular strand in detail. 
Examine prepared T.S. root E. hiemale ; note double endodermis 
and tetrarch xylem. Using any available species, examine and 
draw the strobilus, sporangiophore, sporangia, and spores. Note 
also thickenings on wall of sporangia, in fresh or prepared sections 
(see Figs. T 1048-1055). 

Catamites (fossil) ; examine and draw a pith cast, noting 
grooves corresponding to vascular ridges ; also T.S. stem showing 
partly hollow pith, ring of vascular strands each with a carinal 
canal (note spiral thickenings), zone of secondary xylem and 
remains of phloem. Note L.S. stem showing nodal diaphragm. 

Ophioglossales 

(Megaphyllous, cp. microphyllous Lycopodiales and Equisetales). 

Ophioglovssaceae— OpAt'og/fmww vuigatum ; note erect rhizome 
with leaf-scars ; thick unbranched roots, usually one to 
each leaf-scar ; apical bud. Examine leaf with petiole, 
lamina, and sporangiophore (spike) with two marginal 
rows of sporangia, (see Fig. T 1056), 

Boirtjehium lunaria ; note pinnatifid lamina and pinnate 
sporangiophore with large, nearly spherical, sporangia. 

Filicales 

I. Simplices (sporangia in each sorus arise simultaneously). 

Marattiaceae. Angiopteris ; note and draw details of fertile 
pinnae (Fig. T 1073). 

Marattia ; note and draw details of pinna ; examine 
prepared slide of synangium, noting annulus and line 
of dehiscence (Fig. T 1073). 

Osinundaceae. Osmunda rcgalis (Royal Fern) ; examine 
fertile frond (Fig. T 1072), noting sporangia all round 
the reduced fertile pinnae, also absence of indusium. 
Dissect off sporangia ; mount in glycerine jelly juid 
examine, noting stalk and obliquely apical characteristic 
annulus. Cut, stain and mount permanently T.S. 
petiole. Examine this section and note endodermis, 
phloem around xylem, adaxial protoxylem. Towards 
the base of the petiole the conducting strand becomes 
U-shaped, the protoxylem groups fuse to one and the 
endodermis opens to join up with the cauline endodermis 
r.n. U 
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as the leaf-trace takes its place in the ring of cauline 
strands. 

Schizaeaceae. Lygodium ; a tropical climber with small 
rhizome and long pinnate leaves. Draw a fertile 
pinnule to show sporangia, indusium, annulus and 
stomium. Make a diagram of T.S. (prepared section) 
of rhizome with protostele, exarch protoxylem groups 
with scalariform thickening. 

Aneimia ; examine prepared specimen, noting two 
basal fertile pinnae and sterile upper pinnae. 

Marsileaceae. Marsilea ; examine specimens, also prepared 
section of sporocarp (Figs. T 1081 and 1085). Each 
loculus is a soriis ; note miorospores and megaspores. 
Make a diagram of T.S. rhizome (prepared section) (see 
Figs. T 1083-1081). 

Pilularia ; examine available material as above (Figs. 
T 1082 and 1086). 

II. Gradatae (sporangia of each sorus arise in succession). 

Salviniaceae. Salvinia ; examine available material, also 
prepared sections of sori (Figs. T 1087-1089). 

Azolla ; examine available material ; cut T.S. plant 
and note endophytic Anabnena filaments. 
Hymenophyllaceaj. Trichomanes radicam (Killarney Filmy 
Fern) ; examine elongated placenta, indusium. Cut L.S. 
sorus and note sporangia, basipetal succession, annulus 
and stomium. 

III. Mixtae (s{>orangia of each sorus arise sporadically). 

1. Davallioideae. Davallia ; sonis marginal, indusium cup- 

shaped. 

2. Pteroideac. Pteris ; sori coalescent on margin. Draw 

T.S. pinna of P. aquilina, noting details of spor- 
angium, annulus and stomium (Figs. T 1068-1070) ; also 
rhizome T.S. under L.P. (Fig. T 1062), one meristele 
under H.P. ; and T.S. root from prepared slide (Fig. 
T 1066). 

3. Gymnogrammoidese. Adiantum ; sorus marginal with 

reflexed lobe of lamina at or near apex of pinna or 
pinnule. 

4. Dryopteroideae. Dryopteris (Aspidium) Jilioc-mas ; sorus 

orbicular ; indusium peltate or reniform (Fig. T 1069). 
Examine and mount prothallus, note archegonia, 
antheridia, rhizoids, etc. (cp. Figs. T 1074-1080). 
Examine rhizome, draw external features, also T.S. ; 
dissect out meristeles ; note prepared specimen of 
dictyostele ; draw one meristele in T.S. and L.S. under 
H.P. (Figs. T 1059-1067). Dryopteris phegopteris 
{Polypodium in part) ; sorus orbicular ; indusium 
absent. 
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5. Asplenioideae. Asplenium ; sorus elongated, not marginal ; 

Indus ium lateral. 

6. Blechnoideae. Blechnum spicant ; sorus coalesce nt along 

midrib of pinna, not marginal. 

Pteridospermae 

All fossil, maximum in Coal Measures, see Textbook, p. 531, 
also Scott’s “ Extinct Plants.” 

Lyginodendron oldtuimium. Examine T.S. stem ; note mono- 
stele, large pith, groups of primary xylem, mesarch protoxylem 
(c/>. Cycas below), broad zone of secondary xylem with medullary 
rays, cambium, zone of secondary phloem, primary phloem if 
present, pericycle with leaf-traces, thin-walled inner cortex, 
outer cortex with interlacing strands of sclerenchyma (dark 
radial bands in T.S.) ; also periderm if present. This type of 
cortex is characteristic of the group. Note five leaf-traces with 
two-fifths phyllotaxis ; leaf-trace collateral in cortex becomes 
concentric in petiole (cp. Osmunda), 

Seed ; examine prepared sections of seed of L. oldhamium 
(Lagenostoma lomaxii) ; note atropous o\mle of Cycadean type, 
one integument adhering to nucellus except at apex, pollen 
chamber in apex of nucellus (cp, GinkgOy Cycas, etc.). 


9—2 
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GYMNOSPERMiE 

First Year Type 

Pinus. 

540, Examine material of Pinus with male inflorescences ; 
also old female cones showing the two naked seeds which 
are not enclosed in an ovary as in Angiosperms. Examine 
and draw prepared slide L.S. ovule of Pinus. Note external 
features of short shoots (Fig. T 1094). 

541. (a) Cut T.S. leaf (see Figs. T 1095-1097) and note all 
details in section. 

(b) Cut L.S. leaf and note plates of ehlorenchyma with 
large air spaces between the plates. 

M2, Cut T.S. and L.S., both radial and tangential, of 
stem ; note anatomical and histological details (Figs. 
T 1090-1093). 

Second Year Types 

N.B. (1) For classification see below, also “ Flowering Plants 
and Ferns,” by J. C. Willis (Cainb. llniv. Press). For details and 
identification of conifers see ” Handbook of ConiferaE,” by 
Dallimore and Jackson ; or Bean's ” Shrubs and Trees Hardy in 
the British Isles.” 

(2) Drawings should be made of all observed general forms and 
structural details. 

Cycadales 

Tropical and subtropical, see Textbook, p. 554. 

Cycas revoluta ; note general habit of plant and of leaf. 
Examine cut end of petiole, note curved group of conducting 
strands. Cut, stain and mount permanently T.S. of petiole ; 
make a diagram of the entire section ; note under H.P. one 
bundle in detail with mesarch protoxylem and slightly developed 
centrifugal primary xylem. Cut, stain and mount permanently 
T.S. pinna ; note and draw part in detail Examine mega- 
sporophylls (other genera have these in cones) ; note reduced 
pinnae. Examine prepared slide L.S. ovule {cp. Lyginodendron 
\ seed). Note and draw details of microsporophyll from compact 
^ones (see Fig. T 1124), 
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Ginkgoales 

Monotypic, except for fossils ; only known cultivated, originally 
in China and Japan. 

Ginkgo biloba (Maidenhair Tree) ; examine plant ; note 
deciduous leaves on short shoots. Note leaves with lobes and 
dichotomous venation ; also prepared specimens of micro- 
sporophylls and carpellate twigs (Fig. T 1125). 

Gnetales 

Welwitschia mirabilis ; examine prepared specimen ; also 
prepared slide showing floral structure (Fig. T 1120). 

Ephedra sinica ; recently of importance as a medicinal plant 
yielding ephedrine. Examine prepared specimen of shoot ; note 
pairs of scale-leaves and switch-habit ; also prepared sections of 
young stems. 

Coniferales 

Taxaceae (mostly dioecious) 

Podocarpoidcae — includes Podocatpiis (see Textbook, p. 162). 

Taxoideae. Taxus baccata ; dioecious ; examine twig and note 
leaf-bases and short twisted i>etioles (“ P.-l. P. L./’ 182). Examine 
staminate cones in axils of last year’s leaves ; dissect and examine 
stamen and pollen -grains (Figs. T 1119-1120). Note also sub- 
terminal female flowers and prepared L.S. (Fig. T 1121). Cut 
L.S. arillate fruit and draw details (Figs. T 1122-1121). 

Pinaceae (mostly monoicious) 

I. Araucariese — includes Araucaria (Monkey Puzzle). 

II. Abieteae — includes Picen (spruce) with four-angled leaves, 
j)ersistent projecting leaf-bases, and pendulous cones ; Tsuga 
(Hemlock Spruce) similar, but with flat leaves (Fig. T 1112) ; 
PseudoUtuga (P. dougla^ii = Douglas Fir) with flat leaves, each 
with two lateral resin-canals, also large bracts with three-lobed 
ends in ripe cones ; Abies similar, but with cone erect, bracts 
usually short and scales deciduous ; Larix with short shoots, 
deciduous foliage leaves, cones with persistent scales and long 
bracts ; also 

Pinus sylvestris. Examine this in detail (see Figs. T 1090- 
1106). Note long and short shoots, pairs of foliage leaves, male 
and female cones in external detail ; prepared T.S. young stem. 
Cut, stain and mount permanently T.S. and radial L.S. of old 
stem ; also tangential L.S. in the region of the wood. Note in 
T.S. annual rings, pits, and rays ; draw secondary wood under 
H.P. Note in R.L.S. tracheids, pits, sieve tubes with lateral 
sieve-plates, and details of medullary rays ; in T.L.S. tracheids 
and pits. Cut, stain and mount permanently T.S. and L.S. leaf ; 
draur line diagrams under L.P. and details under H.P. ; note 
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plates of chlorenchyma in L.S. Examine prepared T.S. root, 
note resin-canals, protoxylem groups, etc., as in Fig, T 1098. 

Cones ; examine and dissect male cone ; draw small cone, 
sporophyll or stamen, and pollen -grains ; examine prepared 
series of female cones in first, second and third year stages. 
Pollination occurs in June of first year, fertilisation in June or 
July of second year. Examine and dissect the cones supplied ; 
note scales, ovules and bracts. Cut L.S. ovule from second-year 
cone ; mount and examine in detail (Figs. T 1101-1 102b). 

III. Taxodiea? — includes Sciadopitys (Umbrella Pine) with 
needles fused along margin ; Sequoia with shield-shaped or double 
carpellary scales. 

IV. Cupressea! — includes Thuja with imbricate oviiliferous 
scales in a woody cone ; Cupressus (Cypress) with scales peltate 
and strongly woody when ripe (Fig. TllLl); also Jimiperus 
with berry-like fruits (Figs. T 1114-1116). 



CHAPTER XL 


ANGIOSPERMiE 

The corresponding chapter of the Textbook has been 
found very suitable for use in practical classes, but details 
are given below of some first-year types, together with very 
brief notes on other types and on a few points of systematic 
anatomy which are not given in the Textbook. 

N.R. — For details of classification see “ Flowering Plants 
and Ferns,” by J, C. Willis ; or “ Classification of Flowering 
Plants,” by A. B. Rendle, Carnb. Univ. Press. For Anatomy 
see Solereder’s “ Systernatisehe Anatomic -der Dieoty- 
Icdonen ” (Enke) ; -der Monokotyledonen ” (Borntraeger). 

Stomatal types are — 

I. With no special accessory cells (Ranunculacea;). 

II. With 2 accessory cells derived from the guard-cells (as in 
many Monocotyledons). 

III. {a) With 4<or more accessory cells derived as in II. (Ficus, 
some Monocotyledons, Coniferales and Cycadales). 

(b) With 3 or more accessory cells derived from stomatal 
mother-cell (Crucifera?). 

IV. -V. With 2 accessory cells derived from the stomatal 
mother-cell ; in two positions thus — 

IV. Parallel to the guard-cells (Rubiaeeae). 

V. Lying around the ends of the pair of guard-cells (Caryo- 
phyllaeese).^ 

DICOTYLEDONES 

Archichlamydese 

Salicaceae. Fruit a 2-valved loculicidal capsule with hairy seeds. 

Salix, willow ; cJ Po A2 5 ; $ Po G(2) ; nectary posterior, 
stigmas small, entomophilous. 

Popuhis, poplar ; cj P a lobed cup, A10 -3() ; $ P a lobed cup 
Q(2) ; no nectary, stigmas large, anemophilous. 

^ For types of Hairs see Ex. 73. For types of Calcium Oxalate 
Crystals see Ex. 31. 
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Anatomy. Glandular hairs absent ; stomata type IV, on 
both sides of leaf in Salix. Popnlus shows sclerenehyma in 
bark, Salix none. Calcium oxalate in single and cluster crystals. 

Myricaceae. Fruit a nut. 

Myrica gale, bog myrtle ; (J Po A2-16, usually 4, 1 bract and 
no bracteoles ; $ Po G(2) ovary unilocular with 1 atropous ovule, 
1 bract and 2 bracteoles. 

Anatomy. Oleo-resin glands near base of under side of bracts. 
Stomata of type Illb, sometimes with 5-10 accessory cells which 
may l)e papillose. Sclerenehyma pericyclic. Crystals as in 
Salicaceaj. 

Betulaceae. Fruit a nut. Inflorescence terminal (Fig. T 1189- 
1140). Ovary inferior, 2-celled with 1 ovule in eacli loculus ; 

1 integument. For pollen grains see Fig. 25. 

Betula alba, birch ; 8 firs., a p bracteoles, P2 A2 ; ? 8 flrs., 

a /S bracteoles, Po G(2). 

Corylus avellana, hazel ; median flr. only, a bracteoles, 
Po A4 ; $ 2 lateral flrs. only, all bracteoles, Po G(2). 

Carpinus betuhis, hornbeam ; (J 2 lateral firs, only, Po A4-12, 
all bracteoles absent ; ? 2 lateral flrs. only, all bracteoles present 
and fused, P4 epigynous G(2). 

Alntis glutinma, alder ; 3 flrs., a bracteoles absent, others 

fused, P4 A4 ; $ 2 lateral flrs. only, a bracteoles absent, Po G(2). 

Anatomy. Hairs glandular of various types. StomatJi type I. 
Crystals single or clustered. Vessels often with scalariforrn 
perforations ; vessels in short radial groups. 

Fagaceae. Fruit a nut. Inflorescence axillary (e/>. Fig. T 1139- 
1140). Ovary inferior, 3-celled, with 2 ovules in each loculus ; 

2 integuments. 

Fagus sylvaiiea, beech ; cJ in cymose head, each dichasium with 

3 flrs., a p bracteoles absent, P,5-8 A5 -8 ; $ 2 lateral flrs. only, 
a p bracteoles absent, P6 G(3), 2 nuts in cupule. 

Quercus, oak ; c? in catkins, median flr. only, a P' bracteoles 
absent, P5-9 A5-9 ; $ flrs. solitary, P5-6 G(3), 1 nut in cupule. 

Casianen vulgaris, sweet chestnut ; (J in catkins, each dichasium 
with 3-7 flrs., all bracteoles present, P6 AU)-12 ; ? dichasia 
solitary', each with 3 flrs., all bracteoles present, P6 G(8), 8 nuts 
in cupule. 

Anatomy. Similar to Betulaceae, but vessels solitary scattered 
(Beech) or tangentially grouped (Oak and Chestnut). 

Ulmaceae. Ulmus campesiris, elm ; flrs. appearing in reddish- 
purple. clusters before leaves, each cluster has 10-12 sterile bracts, 
then several fertile bracts each with 1 flr., P4-5 A4r-5 anteposed 
Q(2). Fruit a samara. 

Ajiatomy. Hairs simple and glandular. Stomata in Ulmus 
type I. Crystals single or clustered. Latex absent. 
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Moraceae. Morus albu^ white mulberry ; fruit, note P4 G (2) in 
pseudocarp. 

Ficus caricUy fig ; note in pseudocarpie sy conus, ^ firs., P4 
Al~2 ; also short-styled and long-styled $ firs., P4 G(2), each 
fruit developed to a one-seeded drupel with yellow sclerocarp 
(see “ P.-l. P. L.,” No. 187). 

Humulus lupnlus^ hop ; dioecious, P5 A5 ; $ PI G(2) in 
strobiles, fruit an achene, seeds endosperm ic. 

Anatomy. Latex tubes. Cystoliths common (Ficus), Hairs 
various, simple or glandular (Humulus) or with cystoliths. 
Stomata type I, or in Ficus Ilia. 

Urticaceae. Urtica dioicUy nettle ; dicrcious ; P4, A4 with 

explosive dehiscence of anthers ; $ GI* tirens, 

monoecious. 

Anatomy. Hairs simple and stinging. Cystoliths common. 
Stomata often on both sides of leaf, type I in Urtica ^ III in other 
genera. Crystals single or clustered. Bast fibres very long. 

Polygonaceae 

Rumiceoideap. Tiumex ; P3 -f 6 AG H- 0 G(3) with feathery 
stigmas, anemophilous. UJieum ; P3 -f 3 AG -f 3 G(3), entomo- 
philous. 

Polygonoidcje. Polygonum ; P5 petaloid A various. 

Anatomy. Hairs simple, branched or glandular. Stomata 
type I. Crystals usually clustered, sometimes single or raphides. 
Resin cells and tannin cells occur in Polygonum ; medullary 
bundles, concentric or with inverse orientation in Rumex and 
Rheum ; sub-epidermal strands of .sclerenchyma in P, aviculare 
and P, equisetiforme, 

Caryophyllaceae. K5 or (5) C5 A5 + 5 obdiplostemonous G 
(5 3) or 1. Nodes swollen. 

Silenoidea?. K(5), corolla tube long. Silene G(3) ; Lychnis 
G(5) ; Dianihus G(4). 

Alsinoidcac. K5, corolla tube short. Stellaria G(3-4) ; 
Cerastium G(5) ; Sjiergula G(5) ; Spergulnria G(3). 

Aberrant. Sagina 4 or 5-merou.s ; Paronychia K5 Co A5 Gl. 
Anatomy. Clothing hairs and glandular hairs of various types 
are common. Stomata type V. Crystals clustered, single large 
crystals rare or absent. I-*eaves often centric. Sclerenchyma 
rare. 

Chenopodiaceae. Stamens anteposed ; ovary unilocular with 
one campy lotropous ovule. 

Chenopodium ; P5 or (5) Al“5 G(2) ; ] 

Atriplex ; (J P5 A5 ; $ Po ^(2) ; leaves flat. 

Beta ; P(5) A5 G(5) or (2) semi-inf. ; ) 

Suasda ; P5 A5 G(2-8) ; leaves semi-cylindrical. 
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Salsola ; P(5) A5 G(2) ; leaves cylindrical spiny. 

Salicornia ; P(3) A1 2 G(2“3), firs, axillary reduced ; leaves as 
leaf-bases surrounding stem. 

Anatomy. Hairs various, simple, with papillate walls, or 
ballooned or branched and stellate, also candelabra ; seldom 
glandular. Stomata types I or IV, often with the guard-cells 
lying at right angles to the long axis of leaf or stem. Crystals 
clustered or sandy. Anomalous root and stem structures common , 
with concentric zones of xylem and phloem or with bundles 
embedded regularly or irregularly in prosenchyma. Pericycle 
often sclerenchymatous. 

Ranunculaceae 

543, Examine flower of Buttereiip (Ranunculus), Note 
following organs : (a) calyx of 5 sepals, polysepalous ; 

(b) corolla of 5 petals, polypetalous ; (c) andrcecium of 

numerous spirally arranged stamens ; (d) gynoecium com- 
posed of numerous free (apocarpous) carpels. Dissect a 
flower and draw on a large scale : (i.) a single petal with a 
nectary at base ; (ii.) a single stamen ; (iii.) a single carpel. 
Describe the flower ; recording the details as a floral formula, 
a floral diagram and a longitudinal elevation. Write a 
description of the method of pollination. 

(1) Paeoniea; : no nectary leaves. Pwonia G2, follicles. 

(2) Hellebore^e : follicles. CaUha P5, G5, with nectary 
in lateral wall near base of each carpel. Trollius P5, 
Helleborus P5 and Eranthis P6 with involucre, also tubular 
nectaries between stamens and perianth. Nigella, involucre 
of 5 bracteoles G (5). Aquilegia regular with five-spur 
nectaries. Delphinium K5 one-spurred, C5 two-spurred. 
Aconitum K5 petaloid zygomorphic, C5 two narrow nectaries, 
three hair-like or absent. 

(3) Anemonese : achenes. Anemone involucre, P6-8. 
Clematis P4 or 8 petaloid, nectary absent. Ranunculus 
K5 C5 A 00 hypogynous G oo ; R.jicaria K3 C7-9. Thalictrum 
unisexual P4-5 sepaloid caducous. 

Anatomy. Hairs simple, rarely glandular ; also hyda- 
thodes. Stomata type I. Calcium oxalate not frequent. 
H-shaped palisade cells common in leaf. Pericyclic scler- 
enchyma common ; xylem often V- or U-shaped in T.S., 
partly enclosing phloem ; vessel perforations simple, scalari- 
form in Pceonia, Supernumerary bundles in stem of 
Thalictrum^ Actcea and Cimicifuga ; medullary strands in 
Anemone japonica, and wide medullary rays in Clematis, 
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Cruciferae 

544. Examine and dissect a flower of Cheiranthus (Wall- 
flower). Is the flower hypogynous, perigynous or epigynous ? 
Note (a) the inflorescence, a raceme ; (b) calyx of 4 sepals, 
the lateral sepals saccate ; (c) corolla of 4 petals placed 
diagonally ; (d) androecium of 6 stamens (4 long and 2 short 
= tetradynamous) ; (note the green nectaries opposite the 
bases of the 2 saccate sepals) ; (e) syncarpous gynoecium of 2 
carpels consisting of the elongated ovary, short style and 
two stigmas. The ovary is bilocular with parietal placenta- 
tion. The stigmatic lobes are directly above the placentae. 
Describe the flower ; record the longitudinal elevation, 
floral formula and floral diagram. 

Sinapeae. Hairs simple or absent ; no glandular hairs. 
Lepidium, Iberis, Cochlearia, Alliaria, Sisymbrium, Cakile, 
Sinapis, Brassica, Raphanus, Crambe, Nasturtium, Carda- 
mine, 

Hesperideae. Hairs usually branched ; glandular hairs 
frequent. Capsella, Draba, Arabis, Eiysimum, Cheiranthus, 
Alyssum, Hesperis, Matthiola, 

Anatomy. Hairs simple, two-armed, stellate, candelabra 
or peltate, with or without calcium carbonate incrustations, 
glandular in some Hesperidejc. Stomata type Illb mainly 
(Fig. T 264). Medullary rays usually lignified. Myrosin 
cells are usual. 

Papaveraceae 

Papaveroideae. Latex; K2 caducous, C4 not spurred, A oo 
Ci(2-oo). Papaver G(qc) with rayed sessile stigma and porous 
capsule. Meconopsis cambrica 0(5) with twisted style. Chelidonium 
majus (greater celandine) ; Glaudmn (horned poppy) ; Esch- 
scholtzia Q(2), fruit a siliquseform capsule (Fig. T 1191) ; Bocconia, 
shrub K2 Co A oo G(2). 

Hypecoideae. See Textbook. 

Fumarioidcse. l^tex absent ; K2, C4 spurred, A2 each 

branched with one whole and two half anthers, G(2) ; Dkentra 
and Corydalis with fruit a capsule ; Fumaria with fruit a nut. 

Anatomy. Hairs simple or biseriate or multiseriate emer- 
gences, also branched, sometimes very large. Stomata type I. 
Crystals absent except in Bocconia. Latex in vessels (Papaver, 
Chelidonium), or sacs (Kschscholtzia, Glaucium) or solitary cells. 

Rosaceae 

545. A. Potentilla anserina (Silverweed). Note and draw 
stipulate compound leaves. Examine the flower and 
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observe : (a) calyx of 5 sepals with an epiealyx ; (b) corolla 
of 5 petals ; (c) numerous perigynous stamens ; (d) 

numerous separate carpels. Record the floral formula, 
floral diagram and longitudinal elevation. 

B. CraicegiLS (Hawthorn). Note and draw leaves with 
stipules. Examine and draw flower ; compare with Poten- 
iilla. Note apparently epigynous stamens which are really 
perigynous. 

Spirajoideae — carpels usually 5 in a whorl, receptacle flat, 
fruit an etaerio of follicles, stamens with a broad base. 
Spircea, 

Pomoidcac — carpels 5-2 syncarpous, fruit a pome. Pyrus 
and Cratwgus, 

Rosoideae — car])cls many, usually spirally arranged, some- 
times on a carpophore. Rhodotypos A oo, G2 as in saxifrage ; 
Kerria japonica ; Rubus fruit an cta^rio of drupels ; Fragaria, 
Potentilla, 6Vwm, Dryas, fruit of achenes, epiealyx usually 
present ; Ulmaria fruit 3-12 follicles, stamens witli a narrow 
base ; Alchemilla K4 GO A4 Gl, style gynobasic ; Agrimonia 
persistent receptacle with numerous hooks ; Poterium 
unisexual, anemophilous ; also Rosa, with persistent fleshy 
receptacle. 

Prunoideae — carpel solitary, fruit a drupe. Prunxis. 

Anatomy. Hairs simple uniseriate. Stomata type I. (or 
IV. in Chrysobalanoideac). Calcium oxalate crystals usually 
single prisms. Scalariform perforations occur in the vessels 
of the woody forms which also have isolated groups or a 
continuous ring of fibres in the pericycle ; primary cortex 
usually collenchymatous. 

Leguminosae 

546 . Examine the flower of Laburnum. Observe the 
zygomorphic form and note the following parts : (a) calyx 
of 5 gamoscpalous sepals forming two lips ; (b) corolla 
polypetalous, of 5 petals, 1 large standard (posterior), 2 
lateral wings and 2 anterior petals cohering below to form 
the keel, which encloses the essential organs ; (c) andrcccium 
of 10 stamens united by their filaments to form a tube 
enclosing (d) the gyncecium composed of one carpel. Open 
the carpel ; note parietal placentation and numerous ovules. 
Make separate drawings of each of the above parts dissected 
but ; record the floral formula, floral diagram and longitudinal 
elevation. 
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I. Papilionatae — K5 ascendingly imbricate, odd sepal 
anterior, C5 descendingly imbricate, A (10) or (9) + 1 Q 1. 
Myroxylon all stamens free ; fruit a lomentum in Onobrychis, 
Arachis, etc. ; fruit an indehiscent legume in Pterocarpus ; 
fruit a dehiscent legume in Genisteae (shrubs with 3 entire 
leaflets), Lupinus, Genista, Laburnum, Ulex, Cytisus ; in 
Galegeae, e,g, Indigofera, Robinia, Colutea, Astragalus ; in 
Loteae (with 5 entire leaflets), Lotus, Anthyllis ; in Trifolicae 
(with 3 toothed leaflets), Ononis A (10), and Medicago, 
Melilotus, Trifolium A (9) + 1 ; in Vieeae (leaves pinnate, 
ending in tendril or bristle), Vicia, Lathyrm, Pisum, Lens, 
Abrus ; in Phascoleae (leaves pinnate, usually with terminal 
leaflets), Phaseolus, Glycine, Butea, Mucuna, etc. 

II. Ca^salpinioideiP — K5 or (5) C5, both ascendingly 
imbricate, A 10 G 1 mostly exotic ; see Textbook and 

Willis.” Cassia asymmetric with nearly equal petals and 
dimorphic stamens. 

III. Mimosoidcjc — K (4) C4, valvate small, A4- oo G 1. 
Acacia A oo, free ; Mimosa, A4-8. 

Anatomy. All have simple perforations in vessels and 
simple pits in the j)roscnchyma. Hairs are simple or multi- 
cellular, sometimes branched in group I. ; glandular hairs 
of various types occur in groups II. and III. Stomata 
types I. and IV. occur in groups I. and II. ; type IV. is 
common in groups II. and III. Calcium oxalate crystals are 
usually single, rhomboidal or styloid ; clustered crystals are 
rare, but occur in Mimosa, Anomalous secondary thicken- 
ing is found in Bauhinia and other lianes. 

Saxifragaceae. Firs, regular, perigynous ; K5, C5, A5 -f 5 

obdip., G2 semi-inferior, partly syncarpous. Several variations 
from the above occur. 

Saxifraga sarmentosa corolla zygomorphic ; Tolmiea menziesii 
anterior split in deep receptacular tube and only 3 posterior 
stamens present ; Chrysosplenium K4 Co A8 G(2) ; Parnassia 
A5 with 5 branched staminodes ; Ileuchera C absent usually ; 
Deutzia 0(3-5) ; Hydrangea K4 C4 A8 C(2-5) ; Philadelphus 
A20-^M) G(3-5) ; Escallonia A5 0(2-3) ; Rihes 0(2) ; Bauera 
A4~' 00 . 

Anatomy. Hairs simple, unicellular or tuftPd ; stellate in 
Deutzia ; chalk glands common, also glandular hairs of various 
types. Stomata type I or in some Hydrangea spp., type I\ . 
Crystals occur as raphides (Hydrangea), styloids (EscaUonia), also 
as simple or clustered crystals. Scalar iform and simple perfora- 
tions are found in the xylem ; medullary rays wide in woody forms. 
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Geraniaceae. K5, C5, A5-10-15 ^laments fused at base, obdip., 
Q{5) or less ; styles united ; ovules anatropous, raphe adaxial, 
micropyle upwards (Fig. T 1127). P'ruit a beaked regma. 
Leaves stipulate. 

Geranium A5 + 5 with 5 nectaries at base ; Erodium A5 with 5 
staminodes, corolla sometimes zygomorphic. 

Pelargonium A5 triftd and petaloid at base of filament, or some 
of the 10 staminodes may be fertile ; receptacle with hollow spur 
and nectary near base of long tube. 

Anatomy. Hairs simple or glandular, sometimes very long. 
Stomata type I. Calcium oxalate as sphaeroidal clusters or 
single. Vessels with simple perforations ; medullary bundles in 
Geranium ; peculiar thickenings occur on the radial walls of the 
exodermis. 

Oxalidace 2 e. K5, C5 or (5), A5 + 5 obdip., G (5) styles free. 
Fruit a capsule or berry. Leaves exstipulate. 

Oxalis — fruit an explosively loculicidal capsule, seed with aril. 
Anatomy. As for Geraniaceje. 

Tropaeolaceae. K5, C5 perigynous A4 -f 4 upper short and lower 
long sets of 4 maturing successively, G(3). Fruit an unbcaked 
regma. Leaves usually peltate with tendril petioles. 

TropcBolum, fir. strongly zygomorphic, with posterior spur 
formed by receptacle. 

Anatomy. Like Geraniaceae, with myrosin cells present. 

Rutaceae. K5~4, C5-4, AlO-8 rarely 2-qo G (5-4) rarely (l-oo), 
ovary typically 5-celled with large disc below. Leaves with 
glandular dots, often aromatic. 

Ruta, 5- or 4-merous ; Correa^ corolla sympetalous, fir. 
4-merous ; Boronia, Eriostemon, Choisya, Skimmia, fir. 5-merous ; 
Citrus and ^gle G(10) or more, fruit a berry with internal emer- 
gences containing abundant juice. 

Anatomy. Hairs, branched or stellate, also glandular. 
Stomata type I or occasionally type IV. Crystals of all forms 
occur. Schizogenous secretory glands occur in the leaf and stem, 
usually as characteristic oil glands. Phellogen usually arises 
near the outside of the cortex. 

Euphorbiaceae. Firs, various, G (3) rarely (2) ; ovules of 
Geranium type ; fruit, a regma. 

EupfwrMa ; cyathium ; cJ Po A1 in cincinni, tissues of filament 
and flower-stalk slightly different ; 9 Po G(3) ; bracts may 
appear as “ perianth ” to flower-like inflorescence. 

Mercurialis ; dioecious ; (J P8 A9-12, $ P8 C(2). 

Dalechampia ; inflr. complex ; <J P8 A9-14, $ P6 G(fl)* 
Acalypha ; long monoecious spike. 

Anatomy. Hairs simple, branched or glandular. Stomata 
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usually types Illb or IV. Crystals single or clustered. Phellogen 
often sub-epidermal ; latex tubes usually unbranched, common ; 
branched tul)es occur in Ilevea and Manihoi ; various other 
secretory ducts may be found. 

Buxace 2 e. Buxus sempervirens ; firs, in heads with terminal 
$ K4-5 Co G(3) and lateral ^ K4 Co A4, ovule with abaxial 
raphe and micropyle upwards (Fig. T 1129). Fruit, a loculicidal 
explosive capsule. Stem hairy, partially covered with glabrous 
leaf-bases P-1. P. L.,” No. 181). 

Anatomy. Hairs simple. Stomata type I. Crystals usually 
clustered, absent from leaf. In Btixus phellogen is sub-epidermal ; 
secretory cavities and oil glands absent. 

Limnanthaceae. Limnanihes douglasii ; K5, C5, A5 + 5 G (5), 
ovule with adaxial raphe and micropyle downwards (Fig. T 1128). 
Fruit, a schizocarp. 

Anatomy, Like Geraniaceae, with myrosin cells present. 

Balsa minaceae. Impntiens ; K5 posterior sepal spurred, petaloid ; 
two anterior sepals reduced or absent, C5 lateral petals fused in 
pairs. A(5) filaments united and anthers adhering to form a 
cap over stigma, G(5) ; oVulcs of Buxus type. Fruit, an explosive 
capsule. 

Anatomy. Hairs simple or glandular. Stomata type I. 
Calcium oxalate in raphides. Isolated vessels with annular or 
spiral thickening occur in the pith. 

Malvaceae. K5 or (5) often with epicalyx, C5, A (« ) with united 
filaments, Gl-( oo). Fruit, a carcerule or capsule. 

Malta; K(5) with epicalyx of 3 leaves, C5 A(») G(qo); 
carcerulus. 

Lavatera arbor ea ; as above, with 3 epicalyx leaves connate. 
Althcea ; as above with 6-9 epicalyx segments connate (see 
“ P-1. P. L.,” Nos. 62 and 132). 

Anatomy. Hairs stellate or glandular. Stomata type I. 
Crystals simple or clustered. Mucilage cells in epidermis and in 
ground tissue of axis and leaf ; phloem characteristically wedge- 
shaped ; cortex three-layered. 

Violaceae. Viola ; K5 C5 anterior petal often spurred, A5 with 
membraneous apical appendages, two anterior stamens often 
with green nectary spurs, Q(3) ovary unilocular, placentation 
parietal ; fruit a loculicidal capsule. 

Anatomy. Hairs simple, tufted and glandular. Stomata 
types Illb or IV, sometimes both. Crystals simple or clustered. 
Epidermal mucilage cells occur. 

Myrtaceae. K4~5 C4r-5 Aoo usually bent inwards in bud, G 
( x-2) or 1, inferior or semi-inferior. 
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Myrtoideae. Eugema caryophyllata ; examine cloves which have 
been softened with hot water ; K4 persistent C4 A oo G(2). 

Pimenta ; examine all-spice berries which have been softened 
in hot water (see Ex. 599). 

Leptospermoidese. Eucalyptus ; K4 inconspicuous teeth or 0, 
C(4) caducous as a thick cap, A oo G4-6. Fruit a capsule, dehiscing 
by slits in upper surface ; seeds elongated. Also Lepiospermum, 

Anatomy. Hairs simple, seldom glandular. Stomata types I 
or IV. Crystals clustered or single. Tannin cells and oil-glands 
or secretory cavities in mesophyll, giving bright dots in leaf ; 
perimedullary phloem in stem. 

Utnbelliferae. K5 C5 A5 G (2) ; sepals or jx^tals rarely 
absent. 

547. From compound umbel of Anthriscus or Heracleum 
remove a single flower. Find out whether it is hypogynous, 
perigynous or epigynous. Note (a) calyx of 5 sepals ; (b) 
corolla of 5 petals, the peripheral one sometimes largest ; 
(e) androecium of 5 free stamens ; (d) gyna'cium composed of 
2 carpels in the median plane, 2 stigmas arising from a 
glandular nectary, ovary inferior bilocular. The protandrous 
condition renders self-fertilisation impossible. Record the 
floral formula, floral diagram and longitudinal elevation. 
For classification see below and Textbook. 

Heterosciadieae — umbel simple ; vittae absent or indistinct. 

Hydrocotyle leaf peltate ; Eryngium leaf spiny ; Astrantia 
firs. ^ and cremocarp with white teeth 
(“ P-1. P. L.,” No. Ill) ; Sanicula flrs. in eymosc 
head. 

Haplozygieaj — umbel compound, cremocarp with no 
secondary ridges ; vittae usual. 

With commissure narrow — Chcerophyllum (fruit not 
beaked) ; Anthriscus (fruit beaked) ; Sinyrnium 
(flrs. yellowish) ; Coniurn (flrs. white, vittae absent, 
endosperm grooved) ; Bupleurum (leaves simple, 
linear or ovate) : 

With semicircular mericarps in T.S. — Apium, Petro- 
selinunif Carum, Crithmum, Pimpinella, Fwniculum, 
ASthusa, Cicuta, CEnanthe : 

With flattened, winged mericarps — Angelica, Ferula, 
Peucedanum, Pastinaca, 

Diplozygicae — umbel compound, cremocarp with secondary 
ridges, vittae asual. 

Coriandrum (primary ridges wavy, secondary ridges 
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straight and more conspicuous) ; Daitcus (pro- 
minent primary ridges with spines, less conspicuous 
secondary ridges) ; Cuminum (primary ridges, five, 
prominent ; secondary ridges, four, rather wider, 
flattish and very hairy). 

Anatomy. Hairs simple, sometimes very large, rarely 
branched ; glandular hairs absent. Stomata type I usually. 
Crystals usually clustered ; sometimes single in the axis ; 
microsphaeroidal crystals occur in many of the fruits. 
Schizogenous gum-resin canals ; outer cortex often collen- 
chymatous ; petiole often with scattered vascular strands. 
Various abnormalities occur in the roots and rhizomes. 

Sympetalae 

Ericaceae. K4-5 C (4^-5) A8-10 obdip., pollen in tetrads, G (4r-5) 
superior or inferior, 4-5 celled. 

I. Rhododendroideae. Seeds often winged. Corolla not per- 
sistent. 

Rhododendron zygomorphic with exserted stamens ; Azalea 
leaves deciduous ; Kalmia regular, A5 with explosive 
dehiscence of anthers ; Daboecia C toothed, A8 ; Ledum 
petals free. 

II. Arbutoidea?. Seeds not winged ; corolla not persistent. 
Ovary superior. 

Andromeda with cup-shaped corolla and small calyx ; also 
Gaultheria with fleshy calyx around capsule, and horned 
anthers ; Pernettya with dry calyx at base of persistent berry ; 
with long horned anthers and fruit a berry. Arbutus and 
Arctostaphylos, 

III. Vaccinioideae. As II, but ovary inferior. Vaccinium 
corolla urceolate G{5) ; and Oxycoccus corolla rotate G(4) (see 
“ P-l. P. L.,” Nos. 159-160) ; anthers spurred or horned. 

IV. Ericoideae. Seeds not winged ; corolla persistent. 

Erica K4 small green C(4) A4 -f 4 horned G(4), capsule 
loculicidal; Calluna K4 petaloid larger than petals with 4 
small green bracts outside, C(4) nearly free, A4 -1- 4, G(4), 
capsule septicidal. 

For vegetative differences see “ P-l. P. L.,” Nos. 85-86. 

Anatomy. Hairs simple, branched or two- to many-seriate, 
also glandular. Stomata usually type I, but type IV in 
Vaccinioideae. Crystals clustered or single. Vessel -perforations 
scalar iform, reticulate, or simple ; lumen small ; walls witli 
small bordered pits. Cuticle often thick on leaves. 

Primulaceae. K (5) C (5) A5 Q (5) ; fruit a capsule. 

Primula ; examined as a type (see Ex. 885) ; Lysimachia C 
almost polypetadous ; Glaux C absent ; Cyclamen C recurved ; 
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Hottonia C fimbriate ; Coris C zygomorphic K spiny ; 
Trientalis K(7) C(7) A7 G(7) leaves in one whorl ; Anagallis 
(5-mcrous), and CentumuUis (4-nierous) have the fruit a 
pyxidiuni ; Samolus G serni-inferior. 

Anatomy. Hairs simple, branched or glandular, with long 
stalk or short stalk and 1- to 4-celled head. Stomata type I. 
often on both sides of leaf. Calcium oxalate crystals rare. 
Secretory cells sometimes red, sometimes with sphaero-crystalline 
contents. Endodermal cells with characteristic Casparian dots 
on radial walls. 


Gentianaceae. K (5) C (5) A5 G (2). 

I. Gentianoideae. Perimedullary phloem, imbricate corolla. 

Gentiana, Erythrcea typical ; Chlora (Blackstonia) 8-merous, 
with G(2 4). 

II. Menyanthoidese. No perimedullary phloem ; induplieate 
valvate corolla. 

Menynnthes with median fringe on each petal ; Villarsia 
(Limnanthemum) with basal fringes on each petal. 

Anatomy. Hairs usually simple ; intercellular in II. Stomata 
type I. Calcium oxalate crystals and secretory cells absent. 
Perimedullary’ phloem present in I. Vessel-perforations usually 
simple ; lignified groups of bast-fibres are common. 

Boraginaceae. Inflorescence a boragoid ; K (5) C (5) A5 G (2) 
flr. usually regular ; fruit a carcerulus with 4 nutlets, rarely a 
drupe as in Heliotropium, 

IV. Boragi noidea*. Style gynobasic ; carcerulus. Cynoglossum 
and Echinospermum have hooked fruits ; epipetalous staminodal 
li gules are variously developed in Symphytum, Bor ago, Anchusa, 
Alkanna, Pulmonaria, Myosolis and Lithospermum, Echium is 
gynodioecious with zygomorphic corolla. 

Anatomy. Hairs simple, unicellular, cystolithic, often with 
.solid layered points, rough walls and bulbous bases ; also short 
or long glandular types usually with unicellular heads. Stomata 
type I or Illb. Crystals single, clustered or sandy. Vascular 
bundles bieollateral with perimedullary phloem. 

Labiatae* Inflorescence a verticillaster. K (5) reg. or 
two-lipped, C (5) usually two-lipped, A4 didynamous or 
nearly equal, epipetalous, G (2) ; fruit a carcerulus with 4 
nutlets, rarely a drupe. 

548 . Examine given specimen of Lamium. The flower is 
zygomorphic and hypogynous. Note (a) calyx of 5 sepals, 
gamosepalous ; (b) corolla of 5 petals, gamopetalous, two- 
lipped, the upper lip representing 2 petals and the lower 8 
petals ; (c) androecium of 4 stamens (2 long and 2 short) 
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epipetalous, posterior stamen absent ; (d) gyna^eium of 
2 carpels, synearpous, superior, stigma branched. Style 
springs from base of ovary (gynobasic). Ovary is four- 
lobed with one ovule in each lobe. 

Note. — Stems square in eross-section and opposite leaves 
are characteristic of this order. 

Describe the flower and its method of pollination. 

Record the floral formula, floral diagram, and longitudinal 
elevation. 

A. Style not gynobasic ; nutlets with large attachment 

surface. 

Ajuga and Teucrium with upper lip of corolla short, 
stamens 4 didynamous. Rosmarinus with upper 
lip arched, stamens 2, 

B. Style gynobasic ; nutlets usually with small attach- 

ment surface. 

Lycopus and Salvia with 2 stamens ; Mentha, Origanum 
and Thymus w'ith stamens 4 almost equal and 
corolla nearly regular ; Lavandula with stamens 4 
didynamous and corolla nearly regular ; others, 
mostly with didynamous stamens and bilabiate 
corolla, include Scutellaria, Marrubiurn, Nepeta, 
Prunella, Galeojjsis, Lamium, Ballota, Stachys, 
Monarda, Calamintha, Satureia, Hyptis and Ocimum. 

Anatomy. Hairs simple, stellate or branched ; glandular 
short or long with 1 to many-celled heads ; also balloon- 
like oil-glands. Stomata type V or I. Crystals as needles 
or plates, seldom clustered. Primary cortex collenchy- 
matous ; vessel-perforations simple. 

Solanaceae. K (5), C (5), A5 or 2-4, G (2) obliquely 
placed ; fruit a berry or capsule. Stem wdth pcrimedullary 
phloem. 

549 . Examine flower of Solatium sp. Note (a) 5 sepals 
gamosepalous, inferior, the odd sepal is posterior ; (b) 5 
petals sym|3etalous, inferior, alternating with the sepals ; 
(e) 5 stamens, hypogynous, epipetalous ; (d) gyncrcium of 2 
carpels, synearpous, superior and placed obliquely to the 
median plane. The ovary is bilocular, showing numerous 
ovules with axile plaeentation. Record the floral formula, 
floral diagram and longitudinal elevation. 

A — 5 fertile stamens, embryo strongly curved. 

Solanefic — ovary bilocular ; Solanum, Lycopersicum, 
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Capsicum, Physalis, Atropa (fruit, a berry) ; 
Hyoscyamus (fruit, a pyxidium). 

Datureae — ovary 4-IocuIar ; Datura. 

B — embryo straight or slightly curved. 

Cestreae — 5 fertile stamens ; Nicotiana, Petunia, Cestrum. 
Salpiglossideae — 4 stamens fertile ; didynamous in 
Salpiglossis and Brunfelsia ; 2 stamens fertile with 
2-3 staminodes and fir. papilionaceous in Schiz- 
anthus. 

Anatomy, Hairs very varied, simple, stellate, branched ; 
also glandular short or long of various types. Stomata 
usually type V, also Illb and I. Epidermal cells of leaf 
often with wavy walls. Calcium oxalate crystals sandy, or 
single or clustered. Perimcdullary phloem present, often 
with bast fibres and containing sandy crystals. Vessel- 
perforations simple ; medullary rays usually narrow. 

Scrophulariaceae. Inflorescence usually a raceme. K 
(5-4) C (5-4) A4 didynamous, or 2 or 5 Q (2) median ; fruit 
a capsule, rarely a berry. 

550. Examine zygomorphic flower of Mimulus. Find 
out whether the flower is hypogynous, perigynous, or 
epigynous. Note (a) tubular calyx with 5 distinct teeth 
(sepals) ; (b) corolla with broad tube (sympetalous) and 
flat lobes arranged in two lips ; (c) androecium of 4 stamens, 
2 long and 2 short, epipetalous (posterior stamen is 
undeveloped) ; (d) gynoecium — made up of 2 carpels, 

syncarpous, superior ; stigma is two-lobcd and sensitive to 
mechanical stimulus ; ovary bilocular. Cut T.S. ovary 
and note axile placentation. Describe the flower and its 
method of pollination. Record the floral diagram and 
longitudinal elevation. Examine in a similar manner other 
given specimens belonging to the same family. 

I. Pseudosolaneae — 5 stamens, all fertile or 1 staminodal, 
flower regular ; Verbascum. 

II. Antirrhinoideae — 1 stamen absent or staminodal ; 
upper lip of corolla on outside in bud. 

Calceolaria C distended ; Linaria, Antirrhinum C 
personate, spurred or saccate ; Collinsia flr. papilion- 
aceous ; Scrophularia C with short upper lip ; Pent- 
stemon with one staminode ; Mimulus C ringent A4. 

III. Rhinanthoideae — ^upper lip of corolla covered by 
lateral petals in bud ; stamens 4 or 2. 
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Veronica K4, posterior sepal absent, C5 two posterior 
petals united, A2 ; Digitalis A4 ; others are semi- 
parasitic, C with helmet-like upper lip, A4 ; e,g, Rhin- 
anthus, Bartsia, Pedicularis, Euphrasia, and Melam- 
pyrum. 

Anatomy. Hairs various, simple, stellate or branched ; 
glandular short with 1- to 4-celled heads or long with multi- 
cellular heads ; also scutate glands in group III. Stomata 
type I ; leaf epidermis often with wavy walls. Calcium 
oxalate crystals not common. Perimedullary phloem absent ; 
vessel-perforations simple. 

Rubiaceae. Inflorescence cymose ; K4-5 C (4r-5) A 4r-5 G (2) 
rarely 1-^ oo), usually bilocular. 

I. Cinchonoideac — ovules more than one in each loculus. 

Manettia K4 C(4) A4 C(2) ; Cinchona K5 C(5) A.5 C(2). 

II. Coffeoidea^ — 1 ovule in each loculus. Coffea, Psychotria, 

Galiece — herbs with leafy stipules, calyx very reduced or 
absent ; Rubia C(5) ; Galium C(4) rotate ; Asperula C(4) ; 
S her nr din K4-fl, corolla funnel-shaped. 

Anatomy. Glandular hairs do not occur on the leaf-blade 
(cp. C’a|)rifoliacea?) ; glandular shaggy hairs may occur on stipules ; 
also various secretory cavities or glands. Stomata type IV, 
sometimes with 2 parallel pairs of accessory cells. Crystals 
of calcium oxalate occur as raphides and sandy crystals, also 
needles and styloids. Vascular bundles simple, collateral, not 
bicollateral ; scalariform perforations rare. 

Caprifoliaccae. K5 or (5) C (5) A5 G (2-5). 

Examine and compare Lonicera and Diervilla (Wcigelia) A 
introrse with Sambucus A extrorse ; also compare flower 
and berry of Symphoricarpus with flower and 1 -seeded fruit 
of Viburnum, Linnwa has 4 didynamous stamens and a 
1 -seeded fruit. Adoxa lateral firs, pentamerous, apical flr. tetra- 
merous. 

Anatomy. Hairs glandular with short stalk and 4- or 
more-celled head, also scaly in some species. Stomata type I ; 
the absence of type IV should be compared with Ruhiaceae. 
Crystals various, but raphides rare. Medullary rays characteristic 
in L.S. (except Sambucus). Scalariform j>erforations in vessels 
common. 

Valerianaceae. Inflorescence cymose ; K absent or developing 
as membraneous or hairy pappus in fruit, C(5)A 4-1, G{S) ; 
ovary 8-celled or 1 -celled by abortion of 2 ; fruit 1 -seeded, a 
cypsela. 

Nardostachys. A4 G(8), fruit trilocular ; Valerianella A3, 
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fruit with 2 sterile cells and 1 fertile cell ; Valeriana C gibbous, 
not spurred A3 G 1 -celled ; Centranthus C spurred A1 G 1 -celled. 

Anatomy. Hairs simple, 1- to many-celled ; glandular and 
short. Stomata type Illb. Vessels with simple perforations, 
except in primary xylem, where scalariform perforations occur. 

Dipsaces. Inflorescence a cymose head ; K5-4 or (5-4) often 
with epicalyx of 2 bracteoles, C(5— t) A4 G(2) ; ovary 1 -celled, 
fruit a cypsela. 

Dipsacus K spiny ; Succisa K pappose C4 ; Scabiosa K5 
bristles ; Knautia K4-5 awns, C4 in outer zygomorphic florets. 

Anatomy. Hairs simple, unicellular, or often with multi- 
cellular base ; also short and glandular. Stomata type I, rarely 
Illb with one cell distinctly smaller ; often on both sides of leaf. 
Vessels as in Valerianaceae ; bast fibres absent. 

Campanulaceae. K (5) C (5) A5 or (5) C (5-2). 

Campanuloideac — anthers usually free, but apprcssed in bud ; 
flr. usually regular. Campanula A free G(5-2) ; Jasione A(5) 
G(2) flr. in head ; Phyieuma A free, but held together by tips of 
petals G(2-3). 

Lobelioideae — anthers syngenesious ; flr. zygomorphic. Lobelia 
C(5) bilabiate, A(5) G(2). 

Anatomy, Hairs simple, usually unicellular, sometimes 
silicified. Stomata type Illb or I. Calcium oxalate absent. 
Inulin is common as in Compositse ; latex vessels oceur chiefly 
in Lobelioideae, also in Campanula and Phyteuma, Hydathodes 
are common. Medullary phloem strands or vascular bundles 
occur in many genera. 

Compositse. Inflorescence racemose, a eapitulum. Ko 
C (5) A (5) syngenesious G (2) or Ko C3 + 2 Ao G (2) ; ovary 
1-celled, fruit a cypsela. Corolla campanulatc and 
regular, bilabiate (ray florets, etc.) or ligulate. 

551. Examine the inflorescence of Ox-eye Daisy (Chry- 
santhemum sp.). Note the flowers are massed in a compact 
head (eapitulum). Cut a V.S. through the whole inflores- 
cence. Note the two kinds of flower : (1) outer, white, 
zygomorphic ray florets, bilabiate with upper lip aborted ; 
(2) inner, yellow, tubular, actinomorphie disc florets. Note 
in ray florets : (a) calyx is absent ; (b) corolla of 5 petals 
united to form a narrow tube at the base — three of the petals 
grow out to form the broad lower-lip in which 8 lobes 
can be seen ; (c) androecium, absent or rudimentary ; 

(d) gynoecium with inferior ovary. Note in disc florets 
(a) calyx is absent ; (b) corolla of 5 united petals (gamo- 
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petalous) ; (c) androecium of 5 stamens, epipetalous, 
united by their anthers to form a tube round the style ; 
(d) gynceeiurn of 2 carpels, syncarpous, inferior. The 
style is 2-lobed and the ovary is 1-chambered containing 
1 ovule. Record for a ray floret and for a disc floret the 
floral formula, floral diagram and longitudinal elevation. 

Examine eapitulum of Dandelion. Note the florets here 
are all strap-sliaped (ligulate). Note the pappus of hairs, 
which aids in the dispersal of the fruit. Dissect out and 
draw one flower, also one fruit with developed pappus. 

For types of styles and stamens, etc., see Textbook (Figs. 
T 1299-1300). 

I. Tubulifiorae — florets all regular or with outer (rays) or all 
florets bilabiate. 

1. Vernonieae- homogamous ; style type III ; stamens type 5 ; 
Vernonia, 

2. Eupatorieae — homogamous ; style type II ; stamens simple ; 
Eiqniiorium, Ageratum. 

3. Astereai — heterogamous (with ray florets) or homogamous ; 
style types VII-VIII, stamens simple ; pappus usually setose or 
coroniform. Solidago, Beilis, Aster, Erigeron, Callistephus, 
Olearia. 

4. Inuleac— as 8, but style types Xll-XIIa ; stamens types 
10-14, pappus usually setose or paleaceous. Ilelichrysum, 
Gna phnli um , A n tennaria . 

5. Heliantheae — as 3, style and stamen types also as 3, but 
pappus often paleaceous or aristate, seldom setose ; receptacle 
paleaceous. Ilelianthus, Silphium, Dahlia, Bidens, (Cosmos, 
Xanthium, 

6. Helenieai — as 5, but receptacle not paleaceous. Heleriium, 
Tagetes. 

7. Anthemideae — as 3, but style type V ; stamens simple ; 
pappus absent or coroniform ; receptacle with or without paleae. 
Achillea, Anthemis ; Chrysanthemum, Matricaria, Tanacetum, 
Artemisia, 

8. Senecioneae — as 3, but style type IV, stamens usually 
simple ; pappus setose. Senecio, Doroniciim, Tussilago, Petasites, 

9. Calenduleae — ray florets ?, disc florets usually sterile with 
style type VI ; stamen types 3-6 ; pappus absent. Calendula, 
Dimorphotheca, 

10. Arctotideae — as 8, but style type IX, stamen types 4r 10. 
Arctotis, 

11. Cynareae — homogamous or with enlarged outer florets ; 
style types X-XI ; stamen types 15-16 ; pappus paleaceous ; 
receptacle often paleaceous. Echinops with compound eapitulum , 
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Carlinay Arctium, Carduus, Cnicus, Centaurea, Cynara, Carthamus, 
Saussurea. 

12. Mutisiese — homogamous or heteroganu)us ; style types 
various ; stamen types 10"14 ; disc florets frequently bilabiate. 
Mutisia, Gerbera, 

II. Ligttliflorae — florets all ligulate ; latex present. 

13. Cichorieae — homogamous ; style type I ; stamen types 6 
and 8. With pappus absent Lapsana ; with pappus coroniform 
Cickorium; with pappus plumose Picris, Leontodon, Tragopogon, 
Hypochieris (receptacle paleaceous) ; with pappus pilose Tar- 
axacum, Lactuca, Crepis, Sonchus ; with pappus setose brownish 
Hieracium, 

Anatomy. Hairs various, simple, 2-armed, branehed, 
stellate or thick and multicellular ; glandular short or long ; 
also mucilaginous single or biscriate as on fruit of Senecio 
vulgaris, etc. Stomata type Illb or I. Calcium oxalate 
crystals in needles, small prisms, or small octahedral forms ; 
clustered crystals are rare ; large single crystals in a few 
species, e.g, Kleinia articulata. Phellogen superficial ; 
simple or rarely scalariform perforations ; sehizogenous 
resin or gum canals common ; latex vessels in Cichorieaj 
and (hindelia ; latex sacs in many genera, also oil glands 
and other secretory cells ; inulin common. 

MONOCOTYLEDONES 

Cramineae. Po or 2-3 lodicules, A3 rarely 2 or 6 or more, 
Gl. Fruit a caryopsis. 

552 . First-year students should do Ex. 558 first ; and 
then examine inflorescence of Lolium perenne (Rye Grass). 
The inflorescence is a compound spike composed of spikclets 
alternating on its two sides. Each spikelet arises in the 
axil of a sterile bract (outer glume). Most grasses have an 
inner glume on the side opposite to the outer glume, but this 
is not present in Lolium except in the terminal spikelet. 
Each flower on the spikelet is ensheathed in two fertile 
bracts or paleae ; the outer one is sometimes called a lemma. 

Each flower shows (a) 2 lodicules (minute hypogynous 
scales) which may represent the perianth ; (b) 8 stamens, 
hypogynous free, with versatile anthers which contain 
powdery pollen ; (c) gynoecium, consisting of a pear-shaped, 
superior ovary and 2 feathery stigmas. The ovary has a 
single basal ovule. The inconspicuous flowers, versatile 
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anthers, dry dusty pollen and expanded feathery stigmas 
indicate wind pollination. The fruit is a caryopsis (Fig. 
T 792). Draw a single disseeted flower. Record the floral 
formula and floral diagram. Examine other specimens (as 
supplied) belonging to Graniinea;. 

Advanced students are advised to use “ The World’s 
Grasses,” by J. W. Bews (Longmans, Green & Co.), for the 
classification of this group. See Ex. 81 for vegetative key 
to some common grasses. Several exceptions occur in tlje 
following characters. 

I. Bambuseae — usually shrubs or trees ; A6 or 3 or oc ; styles 
3-2. Fruit a nut, berry or caryopsis. Bambnsa. 

II. PharcjE — spikelets unisexual, monoecious ; lodicules 3, 
AO or 3-2. Pharus, 

Spikelets 2- to many-flowered — 

III. Festuceie — glumes shorter than first floret. ArundOy 
Phragmiies, Glifceria, Pon, Festuca, Bronius, Br achy podium, 
Briza, Daciylis, Cynosurus, Sesleria, McHca, Triodia, Sieglingia, 
Eragrofitis, Molinia, Catabrosa. 

IV. Avenete — glumes at least as long as first floret, and awn 
when present usually bent. Danthonia, Avena, Dcschampsin, 
CorynephoTus, Trisetum, Koeleria, Aira, Holcus, Arrhenatherum, 

Spikelets several- to 1 -flowered — 

V. Chlorideav — spikelets sessile or sub-sessile, on one side of 
rachis. Eleusine, Chloris, Cynodon, Spartina, 

VI. Hordeae- as V, but with spikelets on opposite sides of rachis 
Elymiis, Ilordeum, Agropyron, Sccale, Triticum, Lolium, Nardus 
(spike unilateral by twisting). 

Spikelets 1 -flowered — 

VII. Agrostideie — glumes usually as long as outer palea 
(“ lemma). Calamagrostis, Agrostis, Ammophila, Lagurus, 
Phleum, Alopecurus, Milium, Slipa, 

VIII. Zoysiea? — glumes shorter. Zoysin, 

IX. Phalarideae— spikelets with 2 empty lemmas or 2 male 
florets ; AO, 3, 4, or 2. Anthoxanihum, Hierochloe, Phalaris. 

XI. Oryzeae — as IX ; glumes minute or 0 ; Oryza, Leersia, 
Zizania, (Spikelets unisexual. Stamens 6 or more.) 

Spikelets with one perfect terminal flower and one male or barren 
floret — 

XII. Arundinelleae — awn as in IV. ArundinelUi, 

XIII. Paniceae— lower glume small or 0. Panicum, Paspalum, 
Setaria, Pennisetum, Spinifex, 

XIV. Andropogoneae — lower glume longer than floret. Sac- 
chatum. Sorghum, Andropogon, 
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XV. Maydeae — as XIV, but spikelets unisexual. CoiXy 
Euchlaena, Zea. 

Anatomy. Hairs simple, unicellular or multicellular ; 
walls sometimes thick. Stomata II or Ilia. Calcium oxalate 
crystals single or as raphides. Selercnchyma often developed 
in connection with leaf veins, giving “ girders ” ; also sub- 
epidermal and along ridges ; motor-cells along furrows in 
rolled leaves. Sclerenchyma in rings and ridges with 
siliceous deposits on outer walls in stem. 

Cyperaceae. Po or 6 scales or oo hairs, A3 G (3) or (2). Fruit an 
achene. Leaves 3-ranked, sheathing base entire, with no ligiile. 

Flowers 5* Glumes 2-rankcd — Cy penis (fruit brown, Po A3 
G(3) ) ; Schoenus (fruit black). 

Glumes imbricate — Krinphorum (P long hypogynous hairs) ; 
Eleocharis (spikelet solitary 1*3 to 0) ; Scirpus (P3 -f 3) ; RhyncJw- 
spora (plant small, nut beaked) ; Cladium (plant large, leaves 
with spiny margins, nut obtuse). 

Flowers $. Fruit enclosed in utricle, Po G(3) or (2). Carex» 

Anatomy. Hairs rare, except on fruits. Stomata types 1 1 or 
Ilia. Crystals single or as raphides. Sclerenchyma as in 
Graminese. 

Arace^e. Inflorescence a spadix with spathe. P3 + 3 or 0 
A3 -f 3 or fewer to 1, G1 usually. Mostly exotic, 

and firs. 9 P3 -f 3, spadix exposed. Richardia 

( == Zantedeschia) firs. $ Po ; latex present. Spathicnrpa ^ Po 
A synandrous, resembling Equisetum sporangiophore ; ^ Po A 
staminodal, Gl. Arum maculutum cJ Po A2-4, $ Po G1 ; latex 
present; three types of $ flrs. are present (see “ P-1. P. L.,” 
No. 70). 

Anatomy. Hairs rare on leaves, simple when present ; internal 
hairs like sclereids occur (cp. Figs. T 85-86) ; also hydathode 
glands. Stomata types H or Ilia. Crystals usually as raphides ; 
also clustered in palisade tissue, and in Acorus as single crystals 
in fibres. Latex vessels in some genera, also mucilage and other 
secretory cells. For Arum see “ P-1. P. L.,” No. 70. 

Liliaceae. P8 + 8 or (8 + 8) A8 + 8 G (8). 

553. Examine flowers of Wild Hyacinth (Scilla). Note 
that each flower arises in the axil of a bract and has a smaller 
bract (bracteole) on its stalk. .Dissect one of the flowers 
and note the following organs : (a) perianth, consisting of 6 
petaloid segments, 8 segments of the outer whorl overlapping 
the other 8 which form an inner whorl ; (b) androecium of 6 
stamens, each stamen being opposite one of the segments to 
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which it adheres ; (c) gynoecium of 3 carpels, syncarpous and 
superior ; ovary has 3 loculi with numerous ovules. Placenta- 
tion is axile. 

Description of flowers : actinomorphic, complete, hypo- 
gynous, with bract and 1 bracteole present. Perianth blue 
consisting of 6 segments in 2 whorls. Androecium of 6 
stamens in 2 whorls, each stamen attached at base to 
perianth segment. Gynoecium of 3 carpels, syncarpous, 
superior, placentation axile, ovules numerous. 

Record the floral formula, floral diagram and longitudinal 
elevation. Examine similarly other specimens (as supplied) 
belonging to Liliaeeae. 

1. Melanthioidete — rhizome or eorm ; inflorescence ter- 
minal. Narthecium, Veratrum, Gloriosa, Colchicum, 

III. Asphodeloidete—usually rhizome with radical leaves. 
Asphodelus, Funkia, II enter ocallis, Phoritiium, Kniphofia, 
Aloe, Gasteria, Haivorthia, 

IV. Allioidcie — usually a bulb or short rhizome ; inflores- 
cence a cymose umbel (or a single flower in Gaged), 
Allium, Agapanthus, 

V. Lilioidese — bulb ; inflr. terminal racemose, or a single 
flower. Lilium, Fritillaria, Tulipa, Scilla, Ornithogalum, 
Hyaeinthus^ Muscari. 

VI. Dracaenoideai — stem usually erect, woody. Yucca, 
Dracaena, Dasylirion. 

VII. Asparagoideae — rhizome sympodial ; fruit a berry. 
Asparagus, Ruscus, Polygonatum, Convallaria, Trillium, 
Paris (flr. 4-merous, leaves net-veined). 

XI. Smilaeoideae — climbing shrubs ; leaves net-veined ; 
fruit a berry. Smilax, 

Anatomy. Hairs rare. Stomata type II or Ilia. Calcium 
oxalate crystals single or raphides or styloids (e,g, Kniphofia). 
General anatomy very varied (cp. Allium, Aloe, Rusem). 

Amaryllidaceae. P3 + S or (3+3) A3 + 3 C(3). Anthers 
introrse except in Campynema. 

I. Amaryllidoideffi — bulb ; inflorescence a scape. 

1. Amaryllidese — with no corona Amaryllis, Galanthns, 

Leucojum, Hcemanthm, Crinum, 

2. Narcisseae — with full corona Narcissus ; with corona as 

short ring or stipular outgrowths Pancratium, Sprekelia, 

Hippeastrum. 

II. Agavoideae — rhizome ; leaves fleshy in rosette, Agave, 
Foufcroya, 
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III. HypoxidoidesB — rhizome ; stem with small leaves. Leaves 
inverted Alstroemeriay Bomarea ; leaves plicate Hypoxis, 

Anatomy. Hairs rare. Stomata type II or Ilia. Calcium 
oxalate crystals as raphides or single. 

Mdaceae. P(3 + 3) with tube below, A3 + 0 extrorse, G(3), 
styles usually petaloid. 

I. Crocoidese— firs, solitary or few ; plant small. Crocus, 
Romulea, 

II. Iridoidea? — firs, numerous, several in each spathe ; sub- 
aerial stem distinct. Iris, Tigridia, Sisyrinchium, Libertia. 

III. Ixioideae — as II, but 1 flr. in each spathe. Jxia, 7'ritonia, 
(Montbretia), Gladiolus, Freesia, 

Anatomy. Hairs rare. Stomata types II or Ilia. Calcium 
oxalate crystals as raphides or single. 

Orchidaceae. Firs, zygomorphic, P3 -f 3, posterior inner seg- 
ment (— labellum) in front after resupination, A1 or 2 f5(3). 
See Figs. T 1344-1350 for floral details. Sec Rendle's “ Flowering 
Plants ” for classification. 

I. Diandne — A2, pollen loose and sticky ; stigmas 3 fused, not 
sticky. Cypripedium. 

II. Monandrae— A1 with 2 pollinia ; caudicles when present 
joined by disc within rostellum or sterile stigma ; fertile stigmas 
2 separate and sticky. 

1. Basitonse — anther not falling readily ; eaudiclcs distinct. 

Orchis, Ophrys, Habenaria, Gymnadeniu, Aceras, 

2. Acrotona? — anther easily detached, and falling early ; 

caudicles absent. This includes most of the cultivated 
types, as well as some British genera. 

Cephalanthera, Epipnetis, Spiranlhes, Listera, Neotlin, 
Goodyera, Vanilla ; Liparis, Malaxis, Corallorhiza, 
Masdevallia, Epidendrum, Caiileya, Phajus, Catasetum, 
Coryanthes, Sianhopea, Dendrobium, Cymbidium, 
Odontoglossum, Oncidium, 

Anatomy. Hairs rare ; simple or glandular ; rarely as papillate 
massive trichomes. Stomata usually type II or Ilia, sometimes 
I ; usually on under side of leaf and lying parallel to the length 
of the blade. Calcium oxalate crystals as rai)hides, styloids, 
also single and clustered crystals. Variously thickened cell 
walls occur in th^ mesophyll ; sclerenchyma in stem ; velamen 
(see Fig. T 296) and mycorrhizal fungus in roots. 



CHAPTER XLI 
REPRODUCTION 

Since the subject-matter of the corresponding chapter in 
tlie Textbook is largely a brief revision of the methods and 
significance of reproduction, the following revision questions 
may be considered useful from an educational point of view, 
as well as from the standpoint of examinees. 

554. Compare and contrast vegetative multiplication with 
reproduction. 

555. What is meant by “ vivipary ” ? Write a short 
account of this phenomenon in at least three different 
species. 

556. Write a general account of the methods used in 
artificial vegetative propagation, e.g. layering, cuttings, 
grafts, etc. 

557. What is a “ graft hybrid ” ? Write a short account 
of the anatomy and cytology of graft hybrids. 

558. Distinguish carefully between asexual reproduction 
and sexual reproduction, using as examples the types of 
plants which you have studied. 

559. Enumerate, with brief notes on their special charac- 
teristics and functions, the various kinds of spores in the 
lower plants as represented by the types which you have 
studied. 

560. What is meant by “ heterospory ” ? Write an 
account of this phenomenon in relation to the development 
of the seed-habit. 

561. Explain clearly the terms “ sporophyte ” and “ gameto- 
phyte'^ 

562. Compare and contrast the alternation of g/enera- 
tions as it occurs in the types which you have studied 
in the Bryophyta, Pteridophyta, Coniferales and Angio- 
spermee. 
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563. Write an account of the stages in the development 
of sexual reproduction from isogamy to porogamic fertilisa- 
tion, 

564. What is meant by the following terms : isogamy, 
anisogamy, oogamy, zygote, phenotype, genotype ? 

565. Write an account of the significance of the nuclear 
fusion which occurs in fertilisation, including some con- 
sideration of the stages in the production of the gametes. 

566. Distinguish carefully between pollination and 
fertUisatimi, 

567. Write an account of the various methods by which 
cross-fertilisation is obtained in tlie lower plants. 

568. Write a connected essay on tlie mechanisms which 
normally result in cross-pollination, 

569. Discuss the relative advantages and disadvantages of 
self-pollination and cross-pollination, 

570. Enumerate with specific examples the various 
arrangements which result in self-polliiiation, (a) before cross- 
pollination can take place, and (b) after an opportunity for 
cross-pollination has occurred. 

571. What is meant by prepotency and self-sterility ? 
Enumerate examples of each phenomenon. 

572. Give an illustrated account of the various types of 
female gametangia which occur in the lower plants, with some 
consideration of the advantages and disadvantages of each 
type. 

573. Give a similar account of the types of male gametes 
and gametangia. 

574. Compare and contrast the methods of asexual 
reproduction in the Algae and Fungi, with special reference 
to the habitats of the types considered. 

575. Write an account of the evolution of sex-differentia^ 
tion, as illustrated by the types of plants which you have 
studied. 

576. Compare carefully the relative efficiency of asexual 
and sexual reproduction in the Fungi, and consider this in 
relation to the specialisation of habitat shown by hetero- 
trophic plants. 

577. Write a detailed account of the structure and 
dispersal of spores (a) in the Bryophyta and (b) in the 
Pteridophyta. 

578. What is the difference between self-pollination and 
self-fertilisation ? 
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579. Describe precisely what is meant by apogamy, 
apospory and parthenogenesis^ giving definite examples of 
each phenomenon. 

580. Write a detailed account of meiosis, indicating as far 
as possible the significance of each stage of nuclear division, 
particularly in relation to the results of subsequent gametic 
fusions. 



CHAPTER XLII 


THE USES OF BOTANY 

The intimate dependence of human activities and comforts 
upon plants and plant products is expounded in “ What 
Botany Really Means,” ^ as well as more briefly in the 
Textbook. The following praetieal exercises are designed 
to give the student some detailed knowledge of a few of the 
many plant products which are used in everyday life. 
Starches, sugars, proteins and other reserve materials are 
considered in Chapter XVIII. 

Textile Materials 

581. Flax (Linum usitatissimum)* Examine carefully 
prepared specimens showing the stages in the preparation of 
linen thread from flax stems. Note the significance of each 
of the earlier stages with relation to the separation of the 
“ fibre ” from the stem. Cut, stain and mount permanently 
a T.S. of an unretted stem ; note the distribution of the 
fibre bundles, the thick wall and small rounded lumen of 
each “ ultimate fibre.” 

582. Chemical Sectioning.^ Boil a small quantity of flax 
fibre for a few minutes in 10 per cent, sulphuric acid, using 
an evaporating basin ; dry the fibre between filter papers 
without washing ; heat in an oven at about 60°->70° C., 
until the fibre becomes deep brown ; mount small portions 
in 10 to 15 per cent, caustic potash ; add a cover-slip and 
remove excess of alkali with filter paper. Observe under 
L.P. and tap the cover-slip sharply and repeatedly with the 
tip of a scalpel. Note the sections ” of fibres which are 
formed ; the last stage of manipulation may result in 
longitudinal splitting unless the tapping is done carefully. 
This method of chemical tendering may be used for other 
difficult materials, and sections can be obtained of many 
other fibres. 

^ By J. Small. Allen & Unwin. London. 

* el Kelaney and Searle, Proc. Roy. 5oc., B. 106, p. 857, 1980. 
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583. Mount a few of the smallest fibres from flax dust or 
digested flax ^ in water or chloral hydrate. Note the narrow 
lumen ; the fine, usually oblique cross-lines produced during 
the beating which precedes scutching ; also the acutely 
pointed ends of the ultimate fibres. 

584. Cotton {Gossypium spp.). Mount a small quantity 
of cotton-wool in water, using alcohol to wet the threads if 
necessary. Note the flattened twisted hairs with thickened 
edges and large lumens. The twists make spinning possible. 

585. Compare and make representative drawings of flax 
fibres, raw cotton-wool and absorbent cotton-wool hairs 
after they haye been mounted in cuoxam ^ for a few minutes. 
Note the final solution of the cotton-wool cellulose. 

586. Hemp (Cannabis saliva). Cut a T.S. of one small 
strand of hempen rope, using pith and the razor directly 
above a slide with a little water or ehloral hydrate ; add a 
cover-slip and examine the fragments for transverse seetions 
of hemp fibres whieh show, in T.S., a small linear or stellate 
lumen (cp. flax). 

587. Examine fibres from digested hemp ® ; note the 
similarity to flax, also the obtuse ends of the fibres and the 
cross-lines whieh are often more eonspieuous than in flax. 

588. Jute (Corchorus olitorius or C. capsularis). Cut a 
T.S. of one small strand of unbleaehed jute twine or of a 
strand from the textile base of linoleum. Mount as for 
hemp in chloral hydrate ; note in T.S. the polygonal outline 
and large rounded lumen of the fibre. Test the preparation 
for lignified walls with the usual reagents. 

589. Examine fibres from digested jute ^ ; note the smooth 
walls, the absence of cross-lines and the blunt ends of the 
ultimate fibres. 

590. Manila Hemp (Musa textilis). Examine twine made 
from Manila hemp, by the same methods as in Exs. 586-589. 
Note in T.S. the large lumen, the intercellular spaces and the 
lignified walls ; note in digested fibres the smooth (or wavy 
when crushed) walls, the gradually tapered acute ends of the 
fibres and the presence of sub-rectangular sclerenchymatous 
cells (stegmata) which are characteristic of monocotyleipnous 
textile materials. 

^ Prepared by heating raw flax for half an hour in 5 per cent, potash. 

■ See Appendix II. 

* Digested as for flax or by macerating in dilute sulphuric acid with 
10 per cent, chromic acid added. 
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Oil Plants 

591. Linseed {Linum usitaiissimum). Take dry seeds of 
flax ; mount each in a partially split cork of small size and 
even texture. Cut several transverse and longitudinal 
sections ; mount one in water and about three in chloral 
hydrate ; add cover-slips and warm the second set carefully. 
Note under L.P. and H.P. the inner walls of the epidermis, 
mucilaginous and swelling rapidly in aqueous media ; test 
the section in water for mucilage ; few-layered parenchyma ; 
single layer of sclerenchymatous cells elongated along the 
length of the seed ; single layer of cells with reddish-brown 
coiitents ; narrow endosperm with oil and small protein 
granules ; cotyledons with oil and aleurone grains showing 
globoid and crystalloid. Examine crushed linseed and 
identify the tissues as far as possible. 

592. Coconut (Cocos nucifera). Examine a prepared 
coconut fruit cut in half ; note the smooth outer fruit wall, 
the fibrous middle layer and the hard endocarp, enclosing 
one large seed. Examine preparations showing the position 
and structure of the embryo ; for illustrations see “ P-1. 
P. L.,” No. 171. Cut a thin section of the endosperm of a 
freshly broken coconut ; note the radially elongated cells 
of the parenchyma and the emulsified cell-contents ; look 
for crystalline fat and large aleurone grains with very 
distinct crystalloids. Note also the sclerenchyma and 
vascular strands of the thin brown sced-coat and of the 
sclerocarp. 

593. Almond (Prunus amygdalus). Examine a sweet 
altnond in the “ shell ” ; break the sclerocarp open and 
note — vascular strands of endocarp, pits and sclerenchyma ; 
also the numerous large balloon-cells of the outer epidermis 
of the seed-coat, particularly near the micropylar end (see 
“ P-1. P. L.,” No. 185). Cut thin sections of the seed-coats 
and note the large cells with thick brown walls pitted around 
the base ; vascular strands with spiral vessels and calcium 
oxalate crystals clustered or single ; small-celled inner 
epidermis and adherent remains of endosperm with a single 
layer of cells having beaded walls and containing oil and 
protein granules. Cut several thin sections of the coty- 
ledons ; clear two sections in chloral hydrate and note — 
oil globules, small protein granules, aleurone grains with 
crystalloid and sometimes also a rosette crystal of calcium 
oxalate. 
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Beverage Plants 

594. Tea (Camellia thea). Using a pith-holder, cut a 
series of thin sections of the midrib region of exhausted tea- 
leaves, which have been immersed in chloral hydrate for at 
least four days. These sections should be vertically trans- 
verse, vertically longitudinal, and also horizontally longi- 
tudinal along the under part of the midrib. Mount a 
selection of the better seetions in chloral hydrate and note 
the sphaeroidal clusters of calcium oxalate crystals and large 
idioblasts. Stain a few sections with lignin reagents and 
construct a drawing of one idioblast showing three dimensions. 
Mount a few marginal fragments of tea-leaf in chloral 
hydrate and warm carefully — look for stomata with the 
guard cells surrounded by three or four narrow accessory 
cells (type Illb) ; thick-walled adpressed hairs with acute 
solid tips ; peculiar marginal teeth each with a blunt mucro 
or a sear where the mucro has been ; also idioblasts in the 
mesophyll (see Ex. 35). 

595. Coffee (Coffea arabica). Examine the coffee beans 
supplied ; ^ note the remains of the seed-coat in the furrow 
on the flatter side. Cut one bean across at right angles to 
the furrow ; split the micropylar portion carefully along the 
deep groove ; note the two small veined cotyledons and the 
club-shaped radicle. Mount in chloral hydrate and examine 
in surface view a small piece of seed-coat ; note the elongated 
sclerenehymatous cells with oblique irregular sealariform 
pits. Cut a thin T.S. of the endosperm ; note ttie irregularly 
thickened or beaded cell-walls with large pits, also oil, {)rotein 
and some small starch grains; see Ex. 3184*. 

596. Cocoa (T'heobroma cacao). Remove the “ shell ” 
from a cocoa bean ; place the shell fragments in a Petri 
capsule with 1 square inch of wet filter paper ; set aside. 
Examine the kernel ; mount in water a fragment of the soft 
outer membrane (remains of endosperm) ; note in surface 
view the epidiTmal parenchyma with crystalline masses of 
fat and occasional calcium oxalate crystals, also long multi- 
cellular hairs with brownish contents. These come from 
the seed-coat and adhere to the endospermic membrane. 
Using a strong penknife, cut the kernel across ; note the 
convoluted cotyledons. Cut a thin T.S. of the outer part 
of a cotyledon ; mount one section in chloral iodine and 

‘ Coffee beans for this exercis^ should be preserved and softened 
by storing for at least a week in Dutch pickle (see Appendix II), 

10— a 
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note flat epidermal cells with reddish-brown particles, also 
numerous small starch grains. Mount another section in 
water and note large colourless masses of fat which melt to 
globules when heated and yield slowly the other characteristic 
reactions for fixed oil ; also occasional groups of cells con- 
taining cocoa-red as amorphous granules ; both fat and 
cocoa-red dissolve in chloral hydrate. Small protein 
granules may also be found. Examine a T.S. of a moistened 
shell fragment ; note adherent remains of pericarp ; outer 
seed-coat with giant mucilage cells, spiral vessels, and inner 
epidermis with U-thickenings ; inner seed-coat of par- 
enchyma. 

Condiments and Spices 

597. Mustard (Sinapis alba). Dissect a mustard seed 
which has been soaked overnight in water ; note the folded 
two-lobed cotyledons which enclose the radicle. Prepare a 
few seeds for sectioning by arranging them on the end of a 
small cork, in a drop of gum to which has been added about 
half its volume of glycerol.^ Allow this to dry, then cut a 
T.S. of the seed and note — seed-coat with mucilaginous 
outer epidermis which swells when an alcoholic mount is 
irrigated with water ; large sub-epidermal cells and scleren- 
chymatous palisade layer. Within this, note a layer of 
cells containing protein granules and some other parenchyma, 
possibly of nucellar or endospermic origin. In the sections 
of cotyledons, note abundant oil, thin-walled parenchyma, 
protein granules, and myrosin cells which stain with Millon’s 
reagent a brighter red than the protein. 

598. Pepper (Piper nigrum). Revise Ex. 5 ; then, using 
peppercorns which have been soaked in water overnight, 
cut T.S. pericarp and perisperm. Mount a thin section in 
chloral-iodine and note in pericarp — thick cuticle, brownish 
epidermis, sometimes with calcium oxalate crystals, sub- 
epidermal layer of sclereids, outer parenchyma with occasional 
rounded oil cells, inner parenchyma with a nearly continuous 
ring of large oil cells, some reticulately thickened cells and 
an inner bright layer of cells with pitted U-thickenings. 
Note also the narrow brown seed-coat (three layers) and the 
large polygonal parenchymatous cells of the perisperm with 
densely packed, small starch grains and occasional oil cells. 

* This gum-glycerol mixture is very useful for sticking labels upon 
glass bottles, and in other ways. 
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599. Allspice, Jamaica Pepper or Pimento {Pimenta 
officinalis). Examine whole fruits ; note the occasional 
stalks, the 4 calyx-lobes often broken off leaving a circular 
scar. Cut one fruit across the middle and note the two 
loculi each containing a single, very dark brown, plano- 
convex seed. The oil which gives an economic value to this 
flavouring material is mainly in the pericarp, but oil glands 
occur also in the seeds. Cut a T.S. of the pericarp, mount 
in water, if necessary clear in chloral hydrate, and note the 
peripheral oil glands, each with a pair of large cells, like 
guard cells, lying towards the outside ; these surround a 
circular perforation ; note also the groups of idioblasts or 
sclereids each containing one or a few cluster crystals of 
calcium oxalate. Cut a T.S. of the seed, in pith, and note 
the numerous sub-epidermal oil glands. 

600. Ginger {Zingiber officinale). Examine a piece of 
ginger rhizome ; note the depressed stem scars. Cut a 
piece across with a pocket-knife ; note, on a smoothly cut 
surface, the narrow cortex, scattered vascular bundles and 
endodermal line with leaf-trace bundles outside. From this 
surface cut several thin transverse sections ; mount one in 
water and note the general appearance ; mount another in 
chloral hydrate and warm gently. Note oil cells scattered 
throughout the cortex ; also numerous vascular bundles with 
sclerenchymatous bundle-sheath fibres, two or three large 
vessels ; slightly developed phloem ; also scattered through- 
out both cortex and stele the numerous oleo-resin cells, which 
can be seen better in moderately thick sections gently 
warmed with glycerol (pale yellow) or with aqueous potash 
(reddish-brown). Scrape the cut surface of the rhizome ; 
mount the scrapings in water and observe the starch grains 
under H.P. ; they are oval or pyriform with the hilum near 
one end and distinct striae. Some account of other materials 
will be found in “ Plant Products,” by S. H. Collins and 
S. Redington (Bailli^re, Tindall, & Cox). See also “ Foods 
and Drugs,” by H. G. Greenish (J. and A. Churchill). 
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APPENDIX I (C) 

In order to facilitate the work and to reduce the expenses 
due to breakages and other damage, each advanced student 
in this Department pays a Laboratory Deposit of three 
guineas, and is supplied with a set of apparatus on loan, 
including the following : — 

1 nest of 8 beakers, 2,000 to 50 c.c. 

3 evaporating basins, 200, 100, 50 c.c. 

3 Petri capsules, 12 X 1*5 cm. 

6 dozen test-tubes, 15 x 1-5 cm. 

1 test-tube rack, 6 holes and pegs. 

1 graduated flask, 100 c.c., not stoppered. 

1 burette, 25 c.c. 

2 pipettes, 5 c.c. and 10 c.c. 

1 funnel, 8 cm. 

1 opisorneter with rubber teeth. 

1 retort stand with 2 clamps. 

1 Farmer’s potometer. 

1 thermometer, 250° C. 

1 set leaf clasps, types A, B, C, D. 

1 microscope. 


208 



APPENDIX II 

Reagents, Stains, Tests, etc. 

Agar Medium. — Soak 15 grammes of agar-agar in 500 c.c. of 
water in a conical flask ; plug the flask and sterilise in an auto- 
clave for fifteen minutes at 115° C. Various nutrient media are 
added in aqueous solution of equal volume as required, placed in 
plugged test-tubes or Petri dishes and sterilised. 

• Alcohol. — Ethyl alcohol. 

Ninety per cent, dissolves resins, volatile oils and castor oil ; 
other fixed oils are not dissolved.^ 

'Alkanet. — Used in the form of a diluted tincture ; one part of 
alkanet root macerated with ten parts of 96 per cent, alcohol for 
a week ; then diluted with an equal volume of water and filtered. 

Red with suberin, fixed oils, fats, resins, caoutchouc, and 
volatile oils. - 

^Aniline Blue. — A 1 per cent, aqueous solution. 

Blue stain with callose, which does not wash out with glycerol. 

Aniline Sulphate. — A saturated aqueous solution prepared by 
placing 100 grammes aniline sulphate in a litre of water and shak- 
ing at intervals. The solution is acidified by adding 50 c.c. dilute 
sulphuric acid. More water can be added as the solution is used 
up, only until all the aniline sulphate is dissolved. 

Bright yellow with lignin, suberin and cutin. 

Braemer's Reagent. — An aqueous solution of sodium tungstate 
10 per cent, and sodium acetate 20 per cent. 

Brownish precipitate with tannins. 

Calcium Chloride. — (a) As a desiccating agent, fused. 

(b) As a pectic acid precipitating agent, a 5 per cent, aqueous 
solution. 

Canada Balsam. — The viscous commercial balsam must be 
dried by gentle heat until it becomes a hard brittle solid, from 
which the mountant fluid is prepared by adding just sufficient 
xylol to produce a viscous fluid. 

Carbol Fuchsin. — Dissolve 1 gramme of basic fuchsin in 10 c.c. 
absolute alcohol and add to 100 c.c. of 5 per cent, phenol in water. 

Cell Contents 

starch. — (1) Swells and dissolves in hot water or in aqueous 
potash. 
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(2) Blue with iodine ; colour destroyed by strong alcohol, but 
reappears on dilution. 

Sugar. — (1) Yellow to red precipitate on warming with Fehling’s 
solution, either directly or after boiling in dilute sulphuric acid. 

(2) Yellow osazone crystals, on cooling, after being heated with 
phenylhydrazine hydrochloride and sodium acetate in glycerine 
for at least half an hour in a water-oven. 

-Inulin,— (1) Crystallises out slowly (in about one week) with 
absolute alcohol (see Fig. T 431).-^ 

(2) Red-brown when crystals are treated with phloroglucin and 
hydrochloric acid. 

^3) Violet with a-naphthol (10 per cent, in 90 per cent, alcohol) 
followed by strong sulphuric acid and warming. 

V Mucilages. — (1) Swell and may dissolve in water ; insoluble in 
alcohol and in glycerol. 

(2) Yellow and granular with subacetate of lead in aqueous 
solution. 

(3) May stain with chlorzinciodine, corallin red or methylene 
blue. ' 

Fixed Oil and Fat. — (1) Pink with alkanet (tincture) and with 
Soudan red. 

(2) Brown to black with osmic acid (1 per cent, aqueous 
solution). 

(3) Not readily soluble in 90 per cent, alcohol (except castor 
oil). Soluble in caustic potash. * 

Volatile Oil.---(l) Pink with alkanet. 

.(2) Soluble in 90 per cent, alcohol. 

Proteins. — (1) Yellow or brown with iodine solution. 

(2) Red with 10 per cent, solution of mercury in fuming nitric 
acid (Millon's reagent). 

(3) Yellow to orange with nitric acid, especially when fol- 
lowed by potash. 

(4) Albumins soluble in water ; globulins soluble in dilute salt 
solution ; glutelins soluble in dilute alkali or acid ; gliadins or 
prolamins soluble in dilute alkali or acid, and also in 70 to 90 per 
cent, alcohol. Each type is insoluble in the media mentioned 
for the preceding types. 

Aleurone Gralns.-^l) Crystalloid gives protein tests. 

(2) Globoid remains insoluble in dilute potash, but dissolves in 
hydrochloric acid. 

Alkaloids. — (1) Usually a reddish-brown precipitate with iodine 
and potassium iodide in dilute aqueous solution . Special reactions 
are used to distin^ish the various alkaloids. 

fannlns. — (1) Bluish- or greenish-black with ferric chloride 
solution. 

(2) JBrdwn or yeUowish^brown precipits^te with Braemeris 
recent (10 per cent, sodium tungstate fimd 20 per cent, sodium 
acetate in aqueous solution)* 
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— (1) Red with alkanet. 

(2) Soluble in 90 per cent, alcohol. 

(8) Digtinguished from oils and fats by its microscopical 
appearance as solids irregular masses/ 

Caoutchouc. — (1) Pink with alkanet. 

(2) Soluble in chloroform. 

(8) Insoluble in caustic potash and in 90 per cent, alcohol. 

Calcium Carbonate. — (1) Dissolves with evolution of bubbles of 
gas in acetic or hydrochloric acid. 

(2) Dissolves and slowly recrystallises in needle crystals when 
treated with dilute sulphuric acid. 

Calcium Oxalate. — (1) Insoluble in acetic acid. 

(2) Soluble with no evolution of gas in hydrochloric acid. 

(3) Acts with sulphuric acid like calcium carbonate. 

Silica. — (1) Highly resistant to all ordinary reagents. 

(2) Unaltered by burning, then dissolving the ash in hydro- 
chloric acid. 

(8) Leaves a silica skeleton when the preparation is heated with 
strong sulphuric acidi 

See also other reagents in this Appendix. 

CeU Walls 

< Cellulose. — (1) Blue or violet with chlorzinciodine (zinc chloride 
with iodine, potassium iodide and water). 

(2) Blue with iodine followed by strong sulphuric acid. 

(3) Pink to purplish-blue with iodine and calcium chloride. 

(4) Dissolves in a fresh solution of cupric oxy carbonate or oxide 
in strong ammonia (cuprammonia).^ 

i5) Remains colourless with aniline sulphate and phloroglucin. 

Lignin. — (1) Brown to yellow with chlorzinciodine. 

(2) Deep brown with iodine and sulphuric acid ; dissolves on 
warming in strong acid. 

(8) Yellow to brown with iodine and calcimn chloride. 

(4) Dissolves in Eau de Javelle (an aqueous solution of sodium 
hypochlorite) ; the cell wall then gives the cellulose tests, 

(5) Bright yellow with aniline sulphate (saturated aqueous 
solution, preferably acidified). 

(6) S(»rlet with phloroglucin (1 per cent, in 90 per cent, alcohol) 
followed by strong hydrochloric acid. 

Suberln. — (1) Yellow to brown with ^chlorzinciodine. 

(2) Yellow-brown with iodine and sulphuric acid ; insoluble. 

(8) Red with Soudan III. (1 per cent, in alcohol and glycerin), 
Alkanet and Sharlach R. 

(4) Dissolves slowly in boiling 8 per cent, alcoholic potash; 
stidns yellow with strong aqueous potash. 

(5) Same as lignin with phloroglucin and aniline sulphate, 

(6) Qreen with fresh alcoholic solution of chlorophyll, acting for 
at least fifteen minutes in the dark. .. 
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*Cutin. — As for sul)erin. Distinguished under the microscope 
by the highly refractive properties. 

Callose. — (1) Dull red to reddish-brown with chlorzinciodine. 

(2) Red with fresh, strong solution of corallin red (rosolic acid, 
sodium carbonate and water). 

(3) Soluble in 1 per cent, aqueous potash and in strong sulphuric 
acid ; insoluble in cuprammonia. 

(4) Blue with aniline blue, as a 1 per cent, aqueous solution. 
Callus plate is left blue after washing with glycerol. 

See also other reagents in this Appendix. . 

Chemical Sectioning. — See Ex. 582. 

Chlorophyll, Alcoholic Solution. — Freshly prepared from steam- 
killed green leaves, e.g. nettle, privet, etc., by extraction of the 
leaves with 90 per cent, ethyl alcohol on a w^ater-bath. 

(ireen with suberin, after acting for at least fifteen minutes in 
the dark. 

Chloral Hydrate. — An aqueous solution of five parts of chloral 
hydrate in two parts of water. 

Used as a clearing agent ; when heated it rapidly dissolves 
resins, protein and chlorophyll, and renders starch transparent 
and swollen.^ 

Chloral Iodine. — To 50 c.c. of chloral hydrate solution, add 
five large crystals of iodine ; maintain the saturation by adding 
iodine as necessary. 

Used as a clearing agent, combined with starch-staining for 
minute grains of starch. 

Chlor-zinc-iodine. Dissolve 1 *0 gramme iodine with 40 grammes 
potassium iodide in 40 c.c. water ; add this solution to 400 c.c. 
solution of zinc chloride (s.g. 1-8) ; maintain the saturation by 
keeping a few crystals of iodine in the stock bottle. 

Blue or violet with cellulose ; brown to yellow with lignin, 
suberin and cutin ; red to reddish-brown with callose ; starch 
grains are stained blue and swell slowly in the cold solution. 

Corallin Red or Corallin Soda. A small piece of corallin (rosolic 
acid) is added to a few drops of 30 per cent, aqueous sodium 
carbonate solution, as required. 

When freshly prepared this gives a pink or red colour with 
callose, ligno-cellulose, starch and some mucilages^ 

Cuprammonia or Cuoxam. Take 1 gramme of copper carbonate 
and rub this down in a mortar with 20 c.c. water ; add gradually 
with continued stirring 20 c.c. strong ammonia (s.g. 0*880). 

When freshly prepared this dissolves cellulose, but does not 
dissolve callose. 

Diphenylamine Sulphate. Used as a 0.5 per cent, solution in 
concentrated sulphuric acid or in 50 per cent, sulphuric acid. 
Gives a blue colour (aniline blue) with nitrates, which disappears 
on dilution with water.' 
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Eau de Javelle. Take 10 grammes of chlorinated lime in a 
mortar ; gradually add 75 c.c. distilled water, triturating 
thoroughly ; add a solution of 15 grammes potassium carbonate 
in 25 c.c. water ; shake together during four days. Filter and 
store in a cool, dark place. This may be diluted with an equal 
volume of distilled water for ordinary use. 

Dissolves lignin ; cell wall then gives cellulose tests. 

Eosin. One per cent, solution of water-soluble eosin in water. 
General stain, useful for aleurone grains. 

Erythrosin. (1) A 1 per cent, solution in clove oil may be pre- 
pared by rubbing down 1 gramme of dry erythrosin with enough 
absolute alcohol to make a thin paste, and adding the necessary 
quantity of clove oil ; 100 c.c. is sufliciently accurate. 

(2) A 1 per cent, aqueous solution is easily prepared by shaking 
the dye with water. 

Dutch Pickle. Equal parts of glycerol, ethyl alcohol and water. 

Fehling’s Solution. (Solution A) Seven per cent, aqueous 
cupric sulphate. 

(Solution B) Twenty-five per cent, potassium hydroxide 
together with 35 per cent, sodium-potassium tartrate in aqueous 
solution. Equal quantities of the two solutions should be mixed ; 
boiled to check the absence of self- reduction, and then mixed 
with the test solution. 

Red precipitate with reducing sugars ; bluish or reddish-violet 
coloration with some proteins. 

Ferric Chloride Solution. Ferric chloride as a 1 per cent, 
solution in distilled water. 

Yields green or blue with tannins. 

Strong solution of ferric chloride is a 10 per cent, aqueous 
solution of ferric chloride. 

Glycerine Jelly. Best French gelatine 20 grammes and water 
120 c.c. ; dissolve ; add 80 c.c. glycerol also 0*5 gramme phenol ; 
filter through paper while hot. 

Guaiacum Solution. Ten per cent, solution of guaiacum resin 
in 90 per cent, alcohol. The solution should be reasonably fresh. 

It should be boiled on a water-bath with a little blood charcoal 
and filtered, before being used to distinguish peroxidase from 
oxidase, 

Gum-glyceroL Two parts of mucilage of acacia or com- 
mercial ‘‘ gum mixed with one part of glycerol. 

Used for fixing small seeds to cork for sectioning ; also for 
labels on glass bottles. 

Indicators. Usually 0.04 per cent, solutions in distilled water 
or 20 per cent, alcohol. DER and MR neutral arc unstable in 
aqueous solution, but the alkaline forms in aqueous solution may 
be stocked and portions adjusted to the neutral point as required 
(see footnote on p. 162). BAN is used as a 0 01 per cent, solution 
of the hydrochloride in 80 per cent, alcohol. 
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Phenol red PR red to pink >7 0 yellow <6*8 

Bromo-thymol blue BTB blue to green >6-4 yellow <6*2 

Bromo-cresol purple BCP purple to blue >6*2 yellow <5-9 

Di-ethyl red DER yellow >5-9 pink to red< 5-6 

Methyl red MR yellow >5-6 pink to red<5-2 

Benzene-azo-a- 

naphthylamine BAN yellow >4 8 pink to red <4-4 

Bromo-cresol green BCG blue to green >4*4 yellow <4 0 

Bromo-phenol blue BPB blue to green >4 0 yellow <3*4 

iodine Solution. Dilute the solution of iodine-potassium - 
iodide with four times its volume of distilled water. 

Blue with starch and amyloid ; yellow or brown with protein, 
oil-plasm, and ligno-cellulose/ 

Iodine and Potassium Iodide. Iodine 1 gramme and potassium 
iodide 0-5 gramme dissolved in 100 c.c. distilled water. Reacts 
like iodine solution ; also yields a reddish-brown precipitate with 
alkaloids. 

Iodine and Sulphuric Acid. Iodine-potassium iodide solution 
as above is allowed to act for a few minutes, then the excess is 
removed with filter paper and a drop of concentrated sulphuric 
acid placed upon the test-material. Students should wash up 
all such preparations under the water-tap as soon as they have 
completed the observations. 

Blue with cellulose ; deep brown with lignin ; yellow-brown 
with suberin. 

Iodine and Calcium Chloride. Iodine solution with 10 per cent, 
calcium chloride added. 

Pink to purplish-blue with cellulose ; yellow to brown with 
lignin. 

Lead Sub-acetate Solution. This is the strong Liquor Plumbi 
Subacetatis of the British Pharmacopoeia. 

Yellowish precipitates with mucilages. 

Loeffler’s Methylene Blue. Dissolve 1 gramme of methylene 
blue in 80 c.c. absolute alcohol and add 100 c.c. aqueous potash 
(1 in 1,000). 

Methylene Blue. A 1 per cent, solution in (a) water, or (b) 90 
per cent, ethyl alcohol. • 

Persistent blue with lignin, suberin, cutin and some mqcilages. 

< Millon’s Reagent. A 10 per cent, solution of mercury, dis- 
solved in fuming nitric acid and diluted with an equal volume of 
distilled water. 

Red colour and precipitate with proteins#- 

a-Naphthol. A 10 per cent, solution in 90 per cent, alcohol, 
followed by strong sulphuric acid. 

Violet with inulin, when warmed gently over a small flame. 

Nitron. A 10 per cent, solution in 5 per cent, acetic acid, 
aqueous solution. 

Ordnol. Orcin or methyl resorcin as found in commerce* 



APPENDIX 11 


305 


With strong hydrochloric acid gives a bluish-purple with pentoses, 
and a red colour with hexoses. 

Osmic Acid. A 1 per cent, aqueous solution, which should he 
kept in the dark. 

Brown to black with oils and fats ; it yields the same colours 
very slowly with oil-plasm, and may not react at all with palmitin, 
stearin and some other fats. 

Phloroglucin. One per cent, solution in 90 per cent, alcohol ; 
followed by strong hydrochloric acid in lignin test. 

Red with pentoses ; no coloration with hexoses. Red with 
lignin, suberin and cutin ; reddish-brown with solid inulin. 

Acid Phloroglucin. May be used in place of the above. It 
is prepared by dissolving 1 gramme phloroglucin in 60 c.c. alcohol 
(90 per cent.) and adding 40 c.c. strong hydrochloric acid. 

Picric Acid. Saturated aqueous solution (1 in 90). Stains 
aleurone grains yellow. ^ 

V Potash, Alcoholic, (a) Three per cent, solution in 90 per cent. 
ethyl alcohol. 

Dissolves suberin slowly, on boiling, 

(b) Thirty per cent, solution in methyl alcohol is used for 
chlorophyll separations. 

Potash, Ammoniacal. Wash stick potash free from carbonate 
incrustation ; add a quantity of water which is insufficient to 
dissolve all the potash, pour off the saturated solution and add 
to it an equal volume of strong ammonia (s.g. 0*880). 

Saponifies fixed oils, producing after a time granules with 
drying oils and radiate groups of needle crystals with non-drying 
oils. 

Potash, Aqueous, (a) A “ strong ” solution is made by dis- 
solving about 20 gmmmes in 100 c.c. water. 

Yellow with suberin. 

(b) The usual solution is 5 per cent, in water. 

This acts as a clearing agent by dissolving oils, proteins, tannins 
and by swelling starch. It also swells cell walls and is used for 
disintegrating parenchyma. 

(c) A 1 per cent, solution dissolves callose. 

Potometer Notes. (1) The use of a rubber stopper with three 
holes is strongly recommended ; sealing is so much simpler and 
effective. 

(2) The leafy twig should be inserted through this stopper by 
the “ cork-borer method ” as follows : a twig of slightly greater 
diameter than the hole in the stopper is selected, cut under water, 
and kept with the cut end under water until required ; a cork- 
borer of slightly greater diameter than the twig is wetted and 
forced through the hole in the stopper from below upwards ; the 
lower end of the twig is then inserted in the cork-borer from 
above downwards and the cork- borer withdrawn, leaving the 
stopper closely applied round the twig. 
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(3) Sealing mixture should be applied around the twig where 
it emerges from the stopper. 

Kesorcinol. Resorcin of commerce, see SeliwanofP’s solution. 

Sealing Mixtures. (1) For general use a mixture of equal 
parts of beeswax and soft paraflin is effective. 

(2) A harder mixture of two parts of beeswax with one part of 
soft paraffin is useful during hot weather. 

(3) A harder and more adhesive mixture, which requires 
melting when used, is made with seven parts of beeswax and ten 
parts of soft paraffin, melted together and mixed with three parts 
of powdered resin, the last being added gradually to the melted 
mixture. 

iSeliwanoiFs Solution. Resorcinol 0*05 per cent, in 50 per cent, 
hydrochloric acid. 

Yields a red colour with inulin and levulose (ketone sugar) ; 
no coloration with dextrose (aldehyde sugar).' 

Shellac Varnish. Sticky, for attaching glass indicating 
filaments to parts of plants, may be prepared from the scaly 
‘‘ orange ” shellac of commerce in small quantities as required, 
by warming a few scales with a few drops of 96 per cent, alcohol 
on a water-bath ; or by allowing shellac varnish to concentrate, 
by exposing a few drops to the air. 

Sodium Picrate Paper. Prepared by soaking strips of filter 
paper in 1 per cent, or saturated aqueous picric acid solution and 
drying them. These strips are moistened with 10 per cent, solu- 
tion of sodium carbonate and used in the moist condition. A 
red colour is slowly developed in the presence of small quantities 
of hydrocyanic acid. 

Soudan Red or Soudan III. One per cent, solution in equal parts 
of alcohol and glycerol. 

The Soudan III is dissolved in 90 per cent, alcohol and the 
glycerol is added to this solution. 

Red with suberin, fats, also fixed and volatile oils. 

Stains 

Many sections can be examined more readily when stained red 
with safranin (1 per cent, in water) or eosin (1 per cent, in water), 
or reddish-purple with haematoxylin. These stains used singly 
do not differentiate one tissue from another, but, when certain 
double stains are used, most tissues can be stained a distinctive 
colour. ' 

For glycerin-jelly staining see Ex. 490. 

A combination which is easy to use and gives good general 
results is safranin and Delafield’s haematoxylin. Method : Soak 
in 1 per cent, aqueous safranin for quarter of an hour to two hours ; 
wash in water ; soak in haematoxylin (aqueous) for four to ten 
minutes or less ; wash quickly in tap water and mount in glycerin 
jelly, or dehydrate with absolute alcohol, wash with xylol, and 
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mount in Canada balsam and xylol. All lignificd, siiberised or 
cutioularised walls are stained red, also chromosomes and nucleoli. 
The other tissues are a general purple. 

A more dillicult method, but one which differentiates much 
more effectively, is methylene blue (1 per cent, in 70 per cent, 
alcohol) with erythrosin ( 1 per cent, in clove oil). Method : Soak 
in methylene blue for five to fifteen minutes ; wash thoronffhly in 
methylated spirit ; dehydrate very carefully and completely in 
absolute alcohol (this is the dangerous point : if any water at all 
is left in the sections they do not counter-stain) ; soak in ery- 
throsin and clove oil, and watch the counter-staining under the 
low power of the microscope until it reaches the desired stage ; 
drop on at once a few drops of xylol ; wasli in xylol and mount 
in Canada balsam and xylol. All lignificd, suberised or cuticu- 
larised tissues arc stained various shades of blue or green, also 
tannin (dark blue), chromosomes and nucleoli. Other tissues and 
cell contents arc stained various shades of red, pink or orange. 
With practice this combination can be used to differentiate as a 
distinct shade of blue, green, red, orange or purple every single 
tissue in any section. 



INDEX 

Since particular plants are mentioned only as examples of general 
phenomena or as systematic types, references to species are usually 
omitted from this index. The textbook should bo consulted for informa- 
tion concerning particular plants and for the meanings of such technical 
terms as are not indexed below. 


Absciss layer, 120 
Absorbed substances, 66-69 
Absorption, 53 
by leafy shoot, 52 
by root-hairs, 66 
selective, 69 
Accessory buds, 102 
cells, 263 

Acetone extract, 85 
Acids, 19, 93, 166, 167 
action of, 87 
as buffers, 167 
Adnation, 106 
Adsorption, 161, 162 
Adventitious buds, 102 
roots, 46, 102 
Aerenchyma. 212 
Aerial modifications, stem, 31 
root, 47 

Agar-agar, 98, 299 

Air movements, 155 
passages, 50 
spaces, 42, 50 

Albumins, 129 
Alcohol, 299 

Alcoholic fermentation, 94 
Alenrone grains, 125, 128, 300 
layer, 124 
Alg», 235-241 
Alkaloids, 300 
Alkanet, 299 
AUspice, 293 
Almond, 290 

Alternation of generations, 255 
Amaryllidacese, 283 
Amides, 96 

Amphoteric electrolytes, 160 
Amygdaloside (Amygdalin), 226 
Amyloid, 125 
Anaerob^ 173 
Anaerobic respiration, 94 
Ansesthetic effects, 147 
Anatomy, ecological, 210 
leaf, 41 
root, 47, 118 
stem ,36-40, 116 
See also pp. 263-284 
Androscinm, 134, 139 


Anemometer, 155 
Anemophily, 145 
Angiospermee, 263-284 
Aniline blue, 299 
sulphate, 299 
Antheridium, 235 
Antherozoids, 173 
Anthers, 134 

Anthocyan indicators, 169 

Anthocyans, 18 
Apical cell, 239 
meristern, 21 * 

Apogamy, 144 
Araban, 126, 127 
Arabinose, 126 
Aracese, 282 
Archegonium, 234 
Archichlamydese, 263 
Archimycetes, 243 
ArU, 7 

Artificial twig, 54 
Arum, 145 
Ascent of sap, 55 
path of, 64 
Ascogonium, 244 
Ascolichenes, 247 
Ascomycetes, 244 
Ash of plants, 66-69 
Asparagin, 96 
Aspidium, 255 

Assimilation of carbohydrates, 
84 

carbon, 76 
nitrogen, 96 
Associations, 216-224 
Ammophiletum, 218 
arctic-alpine, 221 
Armerietura, 218 
ash-oakwood, 224 
Betuletum, 223 
bilberry moor, 220 
bog moss, 219 
Callunetum, 217, 220 
arenosum, 222 
carr, 217 
fen, 217 
swamp, 217 
ultimate, 217 
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Assooiati«ng — continued* 
closed reed-swamp, 216 
cotton-grass, 219 
creeping- willow, 219 
deer-grass, 220 
dune-back, 218, 219 
building, 218 
heath, 219 
marsh, 219 

Eriophoretum, 217, 219 
Fagetum, 224 
fen, 216 

Festucetum ovinse, 224 
Fraxinetum, 223, 224 
free-floating leaf, 216 
general saltmarsh, 218 
glass wort, 217 
Glycerietum, 217 
grassland, neutral, 222 
siliceous, 223 
sub-alpine, 221 
grass-heath, 222 
grass- moor, 220 
grass- wrack, 217 
heather-moor, 220 
Juncetum communis, 222 
maritimus, 218 
lichen, 221 
limestone scrub, 223 
lyme-grass, 219 
Molinietum, 217, 223 
moss- lichen, 221 
Nardetum, 223 
Pinetura, 223 
Quercotum arenosum, 222 
ericetosum, 222 
roburis, 222 
sessiflorae, 223 
Rhacomitrium heath, 221 
moor, 221 

rooted- floating leaf, 216 
Salicomietum, 217 
sand-sedge, 218 
Scirpetum, 220 
sea-rush, 218 
Sphagnetum, 219 
strand, 218 
sub-alpine, 221 
submerged-leaf, 216 
summit, 221 
Vaccinietum, 220 
Zosteretum, 217 
Atmoipherio humidity, 52, 53 
Autobasidiomycetes, 246 
Atttonomoni movements, 191 


Anxanometer, 114 

Neilson »Jones, 114-115 
Axillary buds, 102 
accessory, 102 

Bacillariales, 238 
Bacteria, 173, 249 
classification, 250 
nitrifying, 99 
nitrogen-fixing, 98 
soil, 98 
Bacteroids, 98 
Balsaminaceae, 271 
Bangiales, 239 
Barger’s method, 163 
Barks, 120 
medicinal, 120 

Baro-thermo-hygrograph, 52, 53 
Base-avidity, 170 
Basidiolichenes, 248 
Basidiomycetes, 245 
Basidium, 246 
Basipetal succession, 258 
Bast. See Phloem. 

fibres, 26, 288 
Beetroot, 118 
experiment, 65 
Betulacese, 264 
Bicollateral bundles, 40 
Biennials, 102 
winter buds of, 102, 103 
Bleeding, 65 
Bloom, 51 
Boraginacese, 274 
Boragoid, 143, 274 
Botany, uses of, 288 
Brachyplast, 261 
Braemer’s reagent, 299 
Branching, 106 
Brownian movement, 160 
Bryales, 254 
Bryophyta, 252-254 
Bads, accessory, 102 
adventitious, 46, 102 
apical, 102 
axillary, 102 
scales, 103-105 
of trees, 104-105 
winter, 103 
Buffers, 167, 168 
Bulbil, 31 
Bulbs, 35 

Bundles, vascular, 36 
bicollateral, 40 
closed, 36 
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Bniidles — continued. 
collateral, 36 
concentric, 40 
Bundle sheath, 36 

Buzaceee, 271 

Calcareous formations, 223 
Calcium, 67 
carbonate, 21 
chloride, 299 

oxalate crystals, 19, 20, 301 
See also Chap. XL. 
tests for, 20, 301 

Callose, 302 
Callus, 38 
Calyx, 134 
Cambium, 28 
cork, 119 
secondary, 118 
Campanulacese, 278 
Canada balsam, 299 
Caoutchouc, 301 
CapUlarity, 214 
Caprifoliacem, 277 
Carbohydrates, 127 
as resi'rves, 125 -127 
assimilation of, 93 
translocation of, 84-85 
Carbol fiichsin, 299 
Carbon, 66 
assimilation, 70-88 
dioxide, 71, 76-77 
absorption of, 71, 76 
detection of, 71 
diffusion of, 76 
in photosynthesis, 71, 76 
of respiration, 89 
Carotin or Carotene, 80, 87 
Carpel, 135 
Carrot, 118, 119 
Caruncle, 7 
Caryophyllacem, 265 
Casparian strip, 28 
dots, 28 

Castor bean, 7, 125 

Cataphoresis, 160 
Cell, 16-21 

contents, 18, 21, 299, 300 
tests, 299 
shapes, 21, 22 
CeU-walU 23-^29 
tests, 301 
Cellulose, 301 
Centricee, 238 
Centric leaf, 44 


Centrifugal force, 180-181 
Cereals, 8 

Chsetophorales, 237 
Chalaza, 138 
Chalk, 213 

glands, 212 

Changes in materials, 92 
Charge, on colloids, 160 
reversal of, 162 

Chemical elements in plants, 66 
tests for, 66-68 
sectioning, 288 
stimulation, 173, 189 
Chemistry of chlorophyll, 85 
of enzymes, 225 
Chemotaxis, 173 
Chemotropism, 149, 187, 189 
ChenopodiacesB, 265 
Chlamydomonadaceee, 237 
ChlamydoinonnSy 235 
Chloral hydrate, 302 
Chlorenchyma, 24 
Chlorine, 67 
Chlorococcales, 237 
ChlorophycesB, 237 
Chlorophyll, 72, 85 88, 302 
colloidal, 85 
extraction, 85 
formation, 79 
pigm(‘nts, 86 
reactions, 87-88 
separation, 86 
Sf)cctrum, 86 

Chlorophyllase, 87 
Chloroplasts, 17, 18 
movements of, 173 
Chlorosis, 79 
Chlor-zinc-iodine, 302 
Chondriosomes, 21 
Chromatin, 21 
Chromoplasts, 18 
Chromosomes, 21 
Chytridiales, 243 
Cilia, 235 

Circulation of protoplasm, 172 
Circumnntation, 121 
Cladode, 32 
Cladophoracese, 237 
Classification, principles of, 232 
Clay, 213 
Gleistogamy, 145 
Climbing plants, 121-123 
Coastal zonation, 240 
Cobalt paper test, 49 
Cocoa, 130, 291 
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Coconut, 290 
Coenocyte, 2.15 
Coflee, 291 
Coleochaetacese, 2.17 
Coleoptile, 10 
Coleorhiza, 10 
Collenchyma, 25 
Colloidal chlorophyll, 85 
solutions, 85, 160 
Colloids, 160 
Colour filters, 81 
screens, 81 

in photosynthesis, 81- 8.1 
Companion cells, 26 
Compositm, 147, 278 
Conduction of air, .50 
of carhohydrates, 84 
of water, .5.5 
Conilerales, 261 
Conjugatse, 218 
Conjugation, 2.16, 244 
Contact stinnilation, 186 
Contractions, .1 

Copper salts and chlorophyll, 87 
Corallin red, .102 
soda, 102 
Cork, 28, 119 
cambium, 119 
Corks, 1 19 
Corms, 14 
Corolla. 1.14 
Correlation, 206 
coefficient, 208 
dot diagram, 207 
table, 207 
Cortex, 15 

pfissage of sap across. 64 

Cotton, 289 
Cotyledons, 6 
Creepers, 11 
Cross-pollination, 144 
CruoilersB, 267 
Cryptonemiales, 240 
Crystalloid, 125 

Crystals of calcium oxalate, 19, 20 
of fat, 110, 291 
of inulin, 124, 127 
of protein, 125, 128 
Cucurbita, stem, 37 
Culture, media, 98 
solution, 68 
Cultures, 98 
water, 68 
Cttoxam, 302 
Cnprammonia, 302 


Currents, electrical, 173, 187 
transpiration, 49 

Curvatures, 175 
Curve-systems, 107 
Cutin, 102 

Cyanogenetic glucosides. 111 
Cyanophyceee, 216 
Cycadales, 260 
Cycas, 97, 260 
Cymes, 141 
Cyperaceae, 282 
Cystocarp, 240 
Cystolith, 21 
Cyst op US, 242 
Cytase, 225, 230 
Cytoplasm, 16 
Czapek*s boots, 181 

Decapitation exjx'rimcnts, 182 
Deplasmolysis, 60 
Development of embryo, 150 
nf flower, 117 
Deviation, standard, 202 
Dextrin, 225 
Dextrose, 126 
Dialyser, 160 
Diastase. 225, 210 
Diatomales, 218 
Dichotomy, 106 
Dichroism, 85 
Dicotyledones, 261-280 
root structure, 47 
stem structure, 15 
Dictyotacese, 219 
Dictyostele, 258 
Diflerential turgidity, 1 II 
Diflerentiation, 17 
by stains, 107 
Diflusion, 76 
of carbon dioxide, 76 
of salts, 166 

and Ovsmoais, 56 
Dinuaea, 100 

Diphenylamine sulphate, 96, 102 
Dipsacese, 278 
Disaccharides, 126 
Discomycetes, 244 
Dispersal, 154-158 
by animals, 157 
by projection, 158 
by water, 157 
by wind, 164 
Diurnal periodicity, 115 
Division of cell, 17 
of nucleus, 21 
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Dixon^s diffusion experiment, 77 
Dominance, 193 
incomplete, 195 
Draining power of soil, 214 
Drawing instructions, 2, 21 
for cells, 22, 29 
for flowers, 136 
for tissues, 22, 29 
Dremmeter, 80 
Drosera, 99-100 
Dryopteris^ 255 
Dutch pickle, 151, 303 

Eau de Javelle, 303 
Ecological anatomy, 210 
Ecology, 210-224 
Economic products, 288 
Ectocarpaceae, 239 
Electrotropism, 147, 187 
Elements, 68 
Elignlatm, 256 
Elongation, region of, 108 
Embryo, 150 
development of, 150 
sac, 138 

Embryology, 149, 150, 151 
Emnlsin, 226, 230 
Emulsion phases, 159 
Emulsions, 159 
Emnlsoids, 160 
Endodermis, 28 

Endogenous origin of rootlets, 47 

Endosperm, 6 
Energy of light, 82 
in respiration, 91 
Enzymes, 225-231 
Eosin, 303 
Epicotyl, 10 
Epidermis, 23 
Epigeal germination, 10 
Epinasty, 190 
Equisetales, 256 
Erepsin, 228, 231 
Ericacem, 273 
Errors, probable, 205 
Erysiphales, 244 
Erythrosin, 303, 307 
Essential elements, .68 
Etiolation. 12, 78 
Enphorbiaeees, 270 
Evaporation, 51, 54, 77, 214 
Evolution, 197-209 
Ewart’s b^troot experiment, 65 
Bxodermis. 47 
Extrafloral nectaries, 145 


Fagaceee, 264 
Fall of leaves, 120 
rate of, 15^156 
Fasciation, 32 
Pats, 125, 129, 130, 300 
Fatty acids, 170 
Fehling’s solution, 303 
Fermentation, 94 
Ferns, 255. 259 
Ferric chloride, 160, 303 
Fertilisation, 144, 150 
Fibonacci phyllotaxis, 106 
Fibres, 26, 27 
bast, 26 

commercial, 288 
pericyclic, 36 
Field observations, 216 
work, 215 
Filicales, 257 
Fingers, 107 
Flax. 288, 289, 290 
Flocculation, 213 
Floral development, 135, 137 
diagram, 135 
elevation, 136 
formula, 135 
Florideee, 239 
Flower, 30, 134-141 
description, 134-136 
Food material. Ste Nutrition. 
Forcing germination, 158 
Formation, 216 
aquatic, 216 
chomophyte, 221 
fen, 216 
heath, 222 
lowland moor, 217 
mountain top detritus, 221 
of calcareous soils, 223 
of chalk, 224 
of clays and loams, 222 
of marls and calcareous sand- 
stones, 224 

of older limestones, 223 
siliceous soils, 223 
of sandy soils, 222 
salt-marsh, 217 
sand-dime, 218 
siliceous, 222 
upland moor, 219 
Fruit, 30, 162-153 
dispersal of. See Dispersal, 
kinds of, 152-153 
Fncaeem, 239 
Fucua, 239 
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Funaria, 262 

Fungi, 242 


Gamdtophyte, 234 
Gas analysis, 76, 76 
Gemmae, 263 
General investigations, 4 
Genetics, 193-196 
Genotype, 193 
Gentianaceae, 274 
Geotropic pressure, 176 
Geotropism, 176-184 
Geraniaceae, 270 
Germination, 10 
capacity, 13, 14 
forcing of, 158 
of pollen, 149 
Germinator, 14 
for straight roots, 111 
Gigartinales, 239 
Ginger, 293 
Ginkgoales, 261 
Glandular hairs, 43 
Globoids, 126 
Globulins, 129 
Glucose, 126 
Glucosides, 131 
cyanogenetic, 131 
Glycerine- jelly, 303 
Gnetales, 261 
Gramineae, 280 -282 
Grasses, 44 
Growing point, 108 
Growth, 108-115 
anomalous, 117-118 
conditions for, 11, 12 
daily period, 114-115 
differential, 113 
distribution, 108-109 
etiolation, 112 
factors, 109-113 
light effects on, 112 
measurements, 114-116 
of cell, 108 

oxygen effects on, 112 
regions, 108-109 
secondary, 116-120 
temperature effects on, 109 
turgidity, 113 
Guaiacum solution, 303 
Guard-cells, 41 
Gum glyoeroU 303 
Gums, 128 
Gymnocarpeae, 247 


Gymospermae, 260-262 
stems of, 118 
GynoBCium, 134, 138 

HaBmatoxylin, 306 
Hairs, 42 
root, 46, 66 
types of, 42, 43 
Halophytes, 211 
Haptotropism, 180-187 
Haustoria, 48 
Heat of respiration, 91 
Hemi-basidiomycetes, 245 
Hemp, 289 
manila, 289 
Hepatiem, 253 
Heredity, 193 
HeterokontaB, 238 
Heterospory, 256 
Heterostyly, 146 
Heterothallism, 244 
Hexoses, 126 
Hilum, 6 

Hook climbers, 123 
Hormogoneales, 236 
Hormogones, 236 
Hormones, 183 
Humidity, 53 
Humus, 213 

Hydathodes, 43, 212, 213 
Hydrogen, 66 

Hydrogen-ion concentration, 166- 
171 

Hydrolysis, 126 
Hydrophytes, 211 
Hydrosere, 215 
estuarine, 217 
inland, 216 
Hydrotropism, 188 
Hygrometer, 52 
Hygrophytes, 212 
Hymenophyllaceae, 258 
HypocotyU 10 
transition in, 48 
Hypocreales, 245 
Hsrpogeal germination, 10 
Hyponasty, 184 

Idioblasts, 24 
Imbibition, 54 
Indicators, 162, 303, 304 
anthocyan, 169 
Indusium, 256 
Inflorescences, 142-143 
Inheritance, 193 
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Insectivorous plants, 99-101 
Integuments, 6, 8 
Interfascicular cambium, 116 
Internode, 30 
Inulase, 226, 230 
Inulin, 124, 127, 300 
Invertase, 225, 230 
Investigations, general, 4 
specific, 5 

Iodine, starch tests, 18, 70, 125 
test solutions, 304 

Iridacese, 284 
Iron, 68 

Irritability, 146-148 
Isobilateral, 44 
Isoelectric point, 160, 161 
Isokontee, 237 
Isotonic coefficients, 61, 62 

Jamaica pepper, 293 

Jungermanniales, 253 
Jute, 289 

Klinostat, 178-180 
Knight’s wheel, 181 

Labiates, 274 
Lamina, 41 
Laminariacese, 239 
Latex, 24 
Lathrcea, 101 
Laticiferous tissue, 24 
Lead subacetate, 304 
Leaf, 41^ 

clasps, 49, 50, 72, 75, 81 
external structure, 41 
fall, 120 

internal structure, 41 
pull, 55 
screen, 80, 81 
tendrils, 122 
traces, 39 
Leaves, 41-45 
phyllotaxis of, 106 
types of, 44 
Leguminosm, 268 
Lenticel, 119 
Lepidodendrese, 256 
Leuooplasts, 18 
Levulose, 126 
Lianes, 118 
Licbenes, 247 
Light. 72, 78, 79 
and etiolation, 78 
and |)H, 170 


Light — continued. 
as limiting factor, 83 
energy of, 81-83 
in germination, 12 
in growth, 112 
in movements, 184, 190 
in photosynthesis, 72, 78, 83 
in transpiration, 53 
in tropisms, 184, 190 
intensity, 79 

on chlorophyll, 12, 78, 86 
Lignin, 127, 170, 301 
Ligno-cellulose, 302 
Ligulatse, 256 
Ligule in ferns, 256 
in grasses, 44 
LUiace®, 282-283 
Limiting factors, 77, 83, 84 
Linmanthace®, 271 
Linseed, 290 
Longevity, 94 

Longitudinal elevation, 136 
Lumen, 27 
Lycopodiales, 256 

Magnesium, 67 
Maize, 6, 124 
Malic acid, 173 
Maltase, 229 
Maltose, 126 
Malvace®, 271 
Mannan, 127 
Mannose, 126 
Marattiace®, 257 
Marchantiales, 253 
Marsileace®, 258 
Mean, 201 

Mechanical tissues, 40, 43 
Medicinal barks, 120 
roots, 119 
seeds, 9 
woods, 117 
Medullary rays, 116 
Megaspore, 138, 256 
Meiosis, 21 

Mendelian inheritance, 193 

Meristele, 258 
Meristems, 23, 28 
Mesophyll, 42 
Meta-proteins, 228 
Metazylem, 36, 47 
Methylene blue, 304, 307 
Loeffler’s, 304 

Microchemical tests, 124, 299 
Micropyle, 6 
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Microscope, partn, 15 
use, 15, 15 
lamp, 16 
Milk, 159 
Miriiom^ 187 
Mitochondria, 21 
Mitosis, 21 

Monocotyledones, 280-284 
stem structure, 86 
root structure, 47 
Moracese, 265 
Mosses, 258 
Motor cells, 210 
region, 175 
Movements, 172-192 
autonomous, 191 
Brownian, 160 
intracellular, 172 
of chloroplasts, 178 
of protoplasm, 172 
of stamens, 146-148 
of stigmas, 146 
of styles, 146 
Mucilages, 128, 8(K) 

Mucor, 242 
Musci, 258 
Mustard, 292 
Mutations, 197, 209 
Mycelium, 242 
Mycorrhiza, 48 
Myricacese, 264 
Myrosin, 227 
cells, 267, 270, 271, 292 
Myrtacem, 271 
Myxomycetes, 248 
a NaphthoU 804 

Nectaries, 145 
extrafloral. 145 
Negative osmosis, 166 
pressure, 56 
Nemalionales, 289 
Nepenthes, UK) 

Nitrates, 96 
Nitrifying bacteria, 99 
Nitrogen, 67 
cycle, 96-101 
fixation, 97 
Nitron, 96, 804 
Nucleus, 21 
division of, 21 
Nutation, 189 
Nyctitropism, 190 

Oedogoniales, 238 


Offsets, 31 

Oil glands, 42 
as hairs, 48 
as vittae, 272 
plants, 290 
plasm, 180 
Oils, 125 
commercial, 290 
fixed, 129, 130, 300 
volatile, 130, 300. 

Onion, 8 
Oogonium, 235 
Oomycetes, 243 
Oosphere, 235 
Oospore, 235 
Ophioglossales, 257 
Orchidacese, 284 
Orcin, 304 
Orcinol, 304 
Organic, acids, 167 
in respiration, 93 
Orientation of branches, 1 84 
flowers, 177, 180 
loaves, 184 
rootlets, 176 
Osazones, 126 
Osmic acid, 305 
Osmometer, potato, 64 
tnrgcscent, 57, 58 
Osmosis, 56, 57 
negative, 166 
Osmotaxis, 174 
Osmotic pressure, 56 
effective, 61, 164 
measurement of, 60, 163, 

164 

physical, 163 
table, 63 
turgescenee, 57 

Osmundacem, 257 
Ovary, 135, 138 
Ovule, 138 
types of, 139 
Ovuliferous scale, 261 
Oxalidaoeee, 270 
Oxidase, 229, 231 
Oxidising enzymes, 91, 228, 231 
Oxygen, 74 
absorption of, 91 
and chlorophyll, 79 
evolution of, 74 
in geotropism, 183 
in germination, 1 1 
in growth, 112 
in movements, 172, 183 
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Oxygen — continued^ 
in photosynthesis, 74, 75 
in respiration, 95 

Palisade, 42 
Papain, 231 
Papaveraoese, 267 
Parachute mechanism, 154 
Paraphyses, 245 
Parenchyma, 29 
Peat, 213 
pollen, 140-141 
Pectin, 128 
Peg of Cucurbitcy 177 
Pelliay 252 
Pennatse, 238 
Pentosans, 127 
Pentoses, 126, 127 
Peppercorn, 8, 292 
Pepsin, 228, 231 
Peptones, 228 
Perception, 180 
region, 181, 183, 186 
time, 180 
Percolation, 214 
Perianth, 141 
Pericycle, 36 
Periderm, 119 
Periodicity, 115 
Perisperm, 8 
Peristome, 254 
Perithecinm, 244 
PermeabUity. 159-171 
coefficient of, 165 
measurement of, 166 
of protoplasm, 165 
of soil, 214 
selective, 166 
Peronosporales, 243 
Peroxidase, 229, 231 
Peroxides, 91, 229 
in respiration, 91, 92 
Petals, 134 
Pezixales, 244 
pH, 19, 169 
and light, 170 

natural values, 19, 93, 128, 169 

PhsBophycese, 239 
Phelloderm, 119 
Phellogen, 119 
origin of, 119, 271 
PheQotype, 193 
Phenyl-hydrasine. 126 
Phi ratio, 107 
fingers, 107 


Phloem, 26 

internal, 40 
perimedullary, 274 
Phloroglucinol, 127, 305 
Phosphates, 66 
Phosphorus, 67 
Photosynthesis, 74-84 
Phototaxis, 174 
Phototropism, 184 
negative, 185 
positive, 184 
Phycomycetes, 243 
Phyla, 234 
Phylloclade, 32 
PhyUode, 45 
Phyllotaxis, 106-107 
Physiology equipment, 298 
schedules, 294-297 
Phytol, 87 

Picrate-paper tost, 131, 306 
Picric acid, 305 
Pigments, 86 
separation of, 86 
Piliferous layer, 47 
Pimento, 293 
Pinacem, 261 
Pinguicula, 100 
Pinnee, 257 
Pinu8^ 260, 261 
Pitcher plants, 100-101 
Pith, 36 
Pits, 27 

Placentation, 138 
Plagiogeotropism, 176 
Plagiophototropis m, 1 85 
Plant constituents, 66, 67 
press, 73 

Plasmodesma, 130 
Plasmodium, 174, 243 
Plasmolysis, 60 
Plasmolytic shrinkage, 113 
Plastids, 18 
Pleotascales, 244 
Plumule, 6 

Pocket-lens observations, 104 
buds, 105 
leaves, 44, 
roots, 119 
stems, 38 
twigs, 103 
Podetia, 248 
PoUen, 139-141 
germination, 149 
from peat, 140. 141 
tubes, 149, 160 
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Pollination, 144-148 
PoUinia, 284 
Polyembryony, 151 
PolygdUi, 141 
PolygonaoesB. 265 
Potash solutions, 306 
Potassium, 67 
Potato osmometer, 64 
Potonmter, 62 
» notes, 305 

Potter ^s experiment, 91 
Presentation time, 179 
Press, 73 
Prickles, 31 
Primordium, 137 
Primrose, 134 
PrimulaoeaB, 273 
Principles of olassiOcation, 232 
Probable errors, 205 
of deviation, 204 
of differences, 206 
of mean, 204, 205 
Projection, 168 
Propagation, 285 
Proteases, 227, 231 
Proteins, 128, 300 
as reserves, 128 
grains, 124, 128 
tests for, 128, 300 
Proteoses, 228 
ProthaHus, 256 
Protobasidiomyoetes, 245 
Protomycetales, 243 
Protoplasm, 16, 17 
continuity of, 130 
movements of, 172 
permeability of, 165 
streaming of, 172 
Protostele, 258 
Protoxylem, 36 
?seudocarps, 163 
teridophyta, 265-269 
Heridospermee, 269 
Pterts, 266 
Ptyalin, 226, 230 
Poll-roots, 33 
Pulvinus, 147, 167 
Pyrenocarpese, 247 
Pyrenoids, 236 
Pyrenomyoetes, 246 


Racemes, 142 
Radicle, 6 
Ramenta, 265 


Range indicator method, 93, 128, 
169, 170 

Ranuncolacese, 266 
Raphe, 139 

Raphides, 20. See also Chap. 
XL. 

Reaction time, 179 
Receptacle, 136 
Receptacular fruits, 153 
Rectipetality, 180 
Reduction division, 21 
Relative humidity, 62 
Relaxation time, 179 
Reproduction, 285-287 
Reserve materials, 124 
Resin, 301 
canals, 262 
Resorcinol, 306 
Respirable materials, 92 
changes in, 92 
Respiration, 89-95 
abnormal, 93, 94 
anaerobic, 94 
in succulents, 93 
changes in materials, 92 
Respiratory quotient, 91-93 
Respirometer, 90 
Respiroscope, 90 
Resting period, 158 
Resupination, 177, 284 
Reversal of charge, 162 
Rheotaxis, 174 
Rhizines, 247 
Rhizoids, 253 
Rhizomes, 33 
Rhodophycese, 239 
Rhodymeniales, 240 
Root, 46-48 
cap, 46 
climbers, 122 
hairs, 46, 66 
pressure, 65 
structure, 47 
tubercles, 97 
tuberous, 46 
Roots, 46^ 
adventitious, 46 
aerial, 47 
anatomy, 47, 118 
haustorial, 48 
medicinal, 119 
modifications of, 47 
pull, 33 
Rootstock, 33 
Rosacea), 267 
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Rubiaceee, 277 
Runners, 31 
Rntaceee, 270 


Saccharomyces^ 242 
Sach’s curvature, 110, 175 
respiration experiment, 89 
starch test, 70 

Salicaceee, 263 
Salicoside (salicin), 131, 220 
Salviniacese, 258 
Sand, 213 
dunes, 218 
Sap, ascent of, 64 
extraction of, 73, 74 
Saponins, 131 
Saprolegniales, 243 
SazifragacesB, 269 
Schedules, physiology, 294-297 
Schimper^s Method, 70 
Schizaeaceee, 258 
Sclereids, 24 
Sclerenchyma, 25 
Scramblers, 123 
Scrophnlariacese, 276 
Scutellnm, 6 
Sealing mixtures, 306 
Secondary growth, 116-120 
Secretory organs, 43, 44. See also 
Chap. XL. 

Sedimentation, 2 1 .3 
Seed, 6-14 
agricultural, 9 
dispersal, 154 
germination, 10-14 
medicinal, 9 
resting period, 158 
structure, 6-9 
Seedling, 10-14 
transition, 48 
Selective absorption, 69 
SeliwanofCs reagent, 306 
Self-fertilisation, 144 
pollination, 144 
Semi-permeable membrane, 59 
Sepals, 134 
Separation layer, 120 
Shade leaves, 2 10 
SheUac, 306 
Shoot, 102 

Short shoots, 106, 261 

Sieve-plates, 37 

tub^, 36 
Sihoa, 282 


Siliceous formations, 222 223 
soils, 213 

Sinalboside (sinalbin), 227 
Sinigroside (sinigrin), 227 
Siphonales, 238 
Soboles, 33 
Soil. 213 

bacteria, 98-99 
properties of, 213-215 
solution, 66 

typ^ of. 213 

Solanaebse, 275 
Solutions, nutrient, 68 
soil, 66 

test. See Appendix II. 

Soredia, 248 
Sorus, 255 
Soudan red, 306 
Specific investigations, 5 
Spectrum, 82 
of chlorophyll, 86, 87 
Sphserellacese, 237 
Spheeriales, 245 > 

Spheero-crystals of caicium oxalate, 
19,273 

of inulin, 124, 127 

Sphagnales, 253 

Sphagnum^ 252 t 

Spines, 31, 32 
Spireme, 21 
Spirogyra^ 236 
Sporangia, 234 
mega, 256 
micro-, 256 
Spores, 234 
Sporogonium, 253 
Sporophylls, 256 
Sporophyte, 234 
Stains, 306-307 
Stamens, 134 
Staminodes, 270, 276 
Standard deviation, 202 
Starch. 18, 90, 126, 299, 300 
digestion of, 126 
disappearance of, 71, 84, 90 
grains, 18 
iodine, 18 
prints, 70 
reserves, 90, 126 
tests for, 18, 70, 126 
Starch-tree leaves, 71 
Starvation experiments, 03 
StatoUths, 183 
Stele, 35 
Stem, 30-40 
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8tu — continued. 

Mfitomy, 35-40, 116 
y^raternai variations, 31 
Ipnodifications of, 30-35 
134 

Mpatilation, chemical, 187 
^ectrical, 173, 187 
gravity, 178 
i^iieat, 172 
I light, 184 
^ ,of germination, 158 
touch, 186 
wounding, 172, 189 
Stinging hairs, 265 
Stipule, 41 
Stomata, 41, 263 
diffusion through, 48 
types of, 263 
Stomium, 255, 257 
Stroma^ 245 
Style, 134 
Styloid crystals, 20 
Snberin, 1*70, 301 
Snooulent fruits, 153 
.leaves, 21 1 
metaWism, 93 
Sudmr. 32 
Sucrose, 63, 126 
table, 63 
Suction, 55 

pressure, 62, 164, 1(>5 
Molz method, 62. 63 
Sugars, 74, 85, 125-127 
Sulphates, 66 
Sulphur, 67 
Sulphuric acid, 288 
Sundew, 99-l(K) 

Sun leaves, 210 
Su;q)jight, energy of, 82 
Superior ovary, ,138 
Survey, 215 * 

Suspensions, 159 

a ensoids, 160 
ensor, 151 
Sydonus, 265 
Symbiosis, 97 
'Hyinbiotic, bacteria, 97 
fungi, 48, 284 
Sympetalae, 273 
Synapsis, 21 
Synergids, 138 
Syngenesious, 278 
iysiemt of classifications, 232 

tannin, 13), 300 


Tapetum, 139 
Tartaric acid, 166 
Taxdceee, 261 
Taxisms, 173, 174 
Tea, 25, 291 
Tegmen, 8 
Teleutospores, 245 
Temperature, 84 
as a limiting factor, 84 
in germination, 1 1, 14 
in growth, 109-111 
in movements, 191 
in photosynthesis, 84 
in respiration, 95 
Tendrils, 121 
Teratology, 137 
Testa, 8 

Tests, for cell-eoutents, 299 
for eell -walls, 301 
for elements, 66, 67 
for cnz^ mes, 229 
for reserves, 132 
Tetrad, 138 
Tetradynamous, 267 
Tetraspores, 240 
ThaUus, 235 
Thermograph, 52 
Thermotropism, 187, 188 
box, 188 

Thigmotropism. See Haptotropism, 
Movements, etc, 

Thoday’s method, 74 
Thorns, 31, 32 
Three-bean experiment, 11 
Thyrsus, 1 43 
Timbers, 1 17 
Tissues, 2 1 
mechanical, 40 
tests for, 301 
Toxic effects, 78, 83, 84 
Tracheids, 27 

Transition in hypocotyl, 48 
Translocation, 84 
Transpiration, 49-51 
current, 49 
demonstration of, 49 
measurement of, 51, 53 
and light, 53 
and wind, 53, 54 
Traube’s cell, 56 
Traumotropism, 189 
Trentepohliaceee, 237 
Tropeeoiaceee, 270 
Tropisms, 175-192 
Trypsin, 231 
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Tryptophane, 228 
Tubercles, 97 

varieties of, 97-98 

Tubers, 33 
Tnrgescence, 57 
Tnrgesoent osmometer, 67-59 
Tnrgidity, 58 
differential, 59, 1 13 
Twigs, 106 
Twiners, 121 
Tylosis, 29 
T^osin, 228 

Ulmaoess, 264 
Ulotrichales, 237 
Umbelliferse, 272 
Uredinales, 245 
Uredojori, 245 
Uredospores, 245 
Urticaoeas, 265 
Uses of botany, 288 
Ustilaginales, 245 
Utricle, 282 
Uiricularia, 100, 101 

Vacnole, 16 
Yalerianaoess, 277 
VarUbiUty, 205 
coefficient of, 205 
Variation, 199 
polygons, 200, 203 
Variegated leaves, 72 
mutation, 197 
Vascular bundles, 36 
elements, 27 
Vaucheria^ 235 
Velamen, 47 
Venation, 41 
Vessel, 27 
Viability, 14, 94 
ViolacesB, 271 
VitaUty,94 
VittsB, 272 
VolatUeoil, 130,300 
Volnme relations, 74 
Volvocales, 237 

Water, absorption of, 52 
content, 66 
cultures, 68 


Water — continuei, 
dispersal, 167 
excretion of, 43 
in germination, 11, 14 
loss, regulation of, 61 
plants, 103 
pores, 43 
storage, 211 
supply, 49 
vapour, loss of, 49 
Wax, 61 

Weight, loss of, in transpiration, 50, 
61 

in respiration, 91 
Wilting, 64 
Wind, 63, 164 
dispersal, 154 
channel, 165 
experimental, 154-166 
form, 215 

measurement of, 165 
and transpiration, 63, 64 
Winged fruits, 154 
seeds, 154 

Winter buds, 102-105 
of biennials, 102 
of trees, 103-105 
of water-plants, 103 
Woods, 117 
mediciifal, 117 
types of, 222-223 
Wound stimulation* 172, 189 

XanthophyU, 86 
Xeromorphic characters, 210 
Xerophytes, 210 
dry, 211 
succulent, 210 
Xerosere, 215 
maritime, 218 
Xylan, 127 
Xylem, 27 
Zrloie, 127 

Tewt. 226, 229, 231, 244 

Zonation, coastal, 

Zygomycetes^ 244 
Zymase, 229 
Zymin, 231 
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